Transport networks, accessibility and urban growth: A case study of Panjab, Pakistan. by Malik, Mohammad Khan
TRANSPORT NETWORKS, ACCESSIBILITY AND URBAN GROWTH 
A.CASE STUDY OF PANJAB, PAKISTAN
Mohammad Khan M alik
T h e s i s  s u b m i t t e d  f o r  t h e  d e g re e  o f  
D o c to r  o f  P h i lo s o p h y  i n  Geography
S c h o o l  o f  O r i e n t a l  and A f r i c a n  S t u d i e s ,  
U n i v e r s i t y  o f  London,
March 1983
ProQuest Number: 10672955
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 10672955
Published by ProQuest LLC(2017). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106- 1346
"He h a s  c r e a t e d  h o r s e s ,  m ules and donkeys 
t h a t  you may r i d e  them , and a l s o  as ado rnm en t;  and 
He w i l l  c r e a t e  f o r  t h a t  p u rp o se  o t h e r  means ( o f  
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To my p a r e n t s
ABSTRACT
The s tu d y  exam ines t h e  r e l a t i o n s h i p  betw een th e  s t r u c t u r e  o f  
t r a n s p o r t  n e tw o rk  and u rb a n  grow th  i n  th e  r e g i o n  o f  t h e  P a n ja b  
( P a k i s t a n ) .  T h is  i s  an  a r e a  w here t h e  growth o f  u rb a n  p o p u l a t i o n  had  
been  g r a d u a l  be tw een  1881 and 1921, b u t  a c c e l e r a t e d  i n  t h e  l a t e r  d e c a d e s .  
The s tu d y  lo o k s  a t  t h e s e  te m p o ra l  changes  and t r a c e s  t h e  f a c t o r s  r e s ­
p o n s i b l e .  The te m p o ra l  r e l a t i o n s h i p  betw een t r a n s p o r t a t i o n  and u rb a n  
growth i s  d i s c u s s e d  a t  r e g i o n a l  and s u b - r e g io n a l  l e v e l s  and i s  u s e d  as 
t h e  b a s i s  f o r  th e  e x a m in a t io n  o f  a d d i t i o n a l  f a c t o r s ,  such  as  th e  
p h y s i c a l  e n v i ro n m e n t ,  l o c a t i o n  and c o m m e r c i a l i z a t io n .  I n  a d d i t i o n ,  
d i f f e r e n t  a s p e c t s  o f  u r b a n  c o n n e c t i v i t y  a re  d i s c u s s e d  and m easu red  
th ro u g h  th e  a p p l i c a t i o n  o f  g rap h  th e o r y  where a m a t r ix  r e p r e s e n t a t i o n  
o f  t h e  n e tw o rk  a c c e s s i b i l i t y  s u r f a c e  a t  d i f f e r e n t  t im e  p e r i o d s  i s  a l s o  
o b t a in e d  by pow ering  th e  m a t r i c e s  o f  c o n n e c t i v i t y  be tw een  p a i r s  o f  
n o d e s .  The i n t e r - r e l a t i o n s h i p  be tw een  changes i n  a c c e s s i b i l i t y  to  th e  
ro a d  ne tw o rk  and u r b a n  grow th  i n  th e  r e g i o n  i s  exam ined  q u a n t i t a t i v e l y  
a t  d i f f e r e n t  l e v e l s  by th e  a p p l i c a t i o n  o f  s im p le  and p a r t i a l  c o r r e l a ­
t i o n s .  By com paring  th e  c o r r e l a t i o n  o f  f i v e  d i v i s i o n s  ( o f  w ide c o n t r a s t )  
a l e a d i n g  r o l e  o f  t r a n s p o r t a t i o n  i n  t h e  p r o c e s s  o f  u r b a n  deve lopm en t i s  
a s s e s s e d .  F i n a l l y  t h e  c o n c lu s io n s  a r e  d e r iv e d  w i th  t h e  a p p l i c a t i o n  o f  
r e g r e s s i o n  a n a l y s i s ,  by r e l a t i n g  th e  d i s t r i c t  l e v e l  i n d i c e s  o f  
t r a n s p o r t a t i o n  t o  t h e  i n d i c e s  r e p r e s e n t i n g  th e  s o c io -e c o n o m ic  c o n d i t i o n s  
o f  d i s t r i c t s  ( 1 9 7 1 ) .
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C h a p te r  1 
INTRODUCTION
1 .1  The Prob lem
A r c h a e o lo g ic a l  re m a in s  and h i s t o r i c a l  r e c o r d s  show t h a t  u r b a n i z a t i o n  
i n  th e  P a n ja b  i s  n o t  a r e c e n t  phenomenon and i t s  h i s t o r y  goes  back  t o  
t h e  days o f  t h e  In d u s  C i v i l i z a t i o n ,  But i t  was n o t  u n t i l  t h e  t u r n  o f  
th e  p r e s e n t  c e n tu r y  t h a t  t h e  r e g i o n  c o u ld  c la im  an a p p r e c i a b l e  d e g re e  
o f  u r b a n i z a t i o n  when th e  i n t r o d u c t i o n  o f  c a n a l  i r r i g a t i o n  fo l lo w e d  by 
i n c r e a s e d  m o b i l i t y ,  c o l o n i z a t i o n  and a g r i c u l t u r a l  deve lopm en t w i th  
s p e c i a l  em phasis  on th e  p r o d u c t i o n  o f  food  and c a sh  c ro p s  have  g iv e n  
c o n s i d e r a b l e  im p e tu s  t o  th e  p r o c e s s  o f  u r b a n i z a t i o n  (Ahmad 1 9 6 6 ) ,
S in c e  t h e n ,  t h e  r a p i d l y  grow ing u rb a n  p o p u l a t i o n  and uneven  n a t u r e  o f  
i t s  g row th  have  p la y e d  an im p o r ta n t  r o l e  i n  a l t e r i n g  th e  n a t u r e  and 
p a t t e r n s  o f  u r b a n  c e n t r e s  i n  t h e  r e g i o n .  The towns have  been  c o n v e r te d  
i n t o  c i t i e s  and c i t i e s  i n t o  m e t r o p o l i t a n  c e n t r e s .  As a r e s u l t  o f  t h i s  
r a p i d  grow th th e  f i e l d  o f  s tu d y  o f  th e  s t r u c t u r e  and u r b a n i z a t i o n  o f  
c i t i e s  h a s  become im p o r ta n t  b o th  as  an academ ic e x e r c i s e  and i n  
governm ent p l a n n i n g .
On th e  o t h e r  h a n d ,  i n  s p i t e  o f  a u n i fo rm  t r e n d  o f  t h e  grow th  o f  
u rb a n  p o p u l a t i o n  d u r in g  1881-1971 some towns have  d e c l i n e d  as  w e l l .
Thus t h e r e  i s  n e e d  t o  lo o k  a t  t h e s e  changes and t r a c e  th e  f a c t o r s  
r e s p o n s i b l e  f o r  t h e  grow th  and d e c l i n e  o f  t h e s e  to w n s .  So f a r ,  a 
number o f  w r i t e r s  l i k e  M alik  (1 9 6 3 ) ,  S id d iq u b  (1965 )  and Hameed (1971) 
have  p u t  t h e  r e s p o n s i b i l i t y  o f  u rb a n  change on f a c t o r s  o f  i r r i g a t i o n  
and a g r i c u l t u r e  i n  g e n e r a l ,  and many f a c t o r s  i n  a d d i t i o n  t o  a g r i ­
c u l t u r a l  deve lopm en t have  been  ig n o r e d .
I n  th e  l i g h t  o f  c o n s i d e r a b l e  work on th e  r e g i o n  d e v o te d  to  u rb a n ­
i z a t i o n  and so c io -e c o n o m ic  deve lopm ent i t  seems s u r p r i s i n g  t h a t  such 
an e v a l u a t i v e  gap f o r  t r a n s p o r t a t i o n  s t i l l  e x i s t s  b e c au se  no a t t e n t i o n  
h a s  been  p a id  t o  t h e  p o s s i b i l i t y  t h a t  among th e  r e g i o n a l  f a c t o r s  t h e r e  
m ig h t  be an  e q u a l l y  s i g n i f i c a n t  group o f  f a c t o r s  such  as  ' a c c e s s i b i l i t y ' .
The r e a s o n  f o r  t h i s  gap may be e x p la in e d  i n  p a r t  by th e  l a c k  o f  
i n i t i a t i v e  ( i n  c o l l e c t i n g  h i s t o r i c a l  d a t a ) ,  m easurem ent p a r a m e t e r s ,  
b u t  i s  m a in ly  due t o  t h e  app roach  w hich v iew s t r a n s p o r t a t i o n  and u rb a n  
deve lopm ent in d e p e n d e n t ly  and i n  i s o l a t i o n .  T h is  s tu d y  hopes  t o  b r id g e  
th e  gap w i th  a v iew  t o  a s s e s s  th e  r o l e  o f  t r a n s p o r t  i n  m a in t a i n in g  and 
s h a p in g  th e  s e t t l e m e n t  p a t t e r n  as  w e l l  a s  r e v i v i n g  o ld  and c r e a t i n g  new 
s e t t l e m e n t s .  I t  i s  p o s s i b l e  by exam in ing  th e  r o l e  o f  a c c e s s i b i l i t y  as 
a s p a t i a l  f a c t o r  s i g n i f i c a n t  i n  th e  deve lopm ent p r o c e s s  o f  t h e  r e g i o n  
a lo n g  w i th  t h e  a n a l y s i s  o f  th e  s t r u c t u r e  o f  t h e  t r a n s p o r t  n e tw o rk .
I n  t h e  a n a l y s i s  o f  t h e  grow th  o f  t r a n s p o r t a t i o n  i n  N i g e r i a  and 
Ghana th e  s tu d y  by T a a f f e ,  M o r r i l l  and Gould (1973 )  h a s  p o i n t e d  o u t  a 
s t r o n g  c o r r e l a t i o n  betw een  p o p u l a t i o n  and a r e a  and d e n s i t y  o f  r o a d  
sy s tem  i n  t h e  r e g i o n s .  T here  i s  a  n eed  f o r  t h i s  ty p e  o f  s tu d y  i n  th e  
r e g i o n  o f  t h e  P a n ja b  t o  a s s e s s  t h e  p r e c i s e  r o l e  o f  a c c e s s i b i l i t y  by 
u s i n g  m easurem ent t e c h n i q u e s ,  w hich w i l l  be u s e f u l  f o r  u n d e r s t a n d in g  
r e g i o n a l  c o n t r a s t s  as  w e l l .  However, s c a l e  i s  an  i m p o r ta n t  f a c t o r  i n  
a c c e s s i b i l i t y .  I t  i s  t h e r e f o r e  n e c e s s a r y  t o  a n a ly s e  th e  s t r u c t u r e  o f  
t h e  t r a n s p o r t  n e tw o rk  on r e g i o n a l  and s u b - r e g io n a l  l e v e l s .  T h is  
a n a l y s i s  i n c l u d e s  th e  p e r i o d s  o f  p re  and p o s t  p a r t i t i o n  th u s  g i v in g  an 
i d e a  o f  deve lopm en t and change th ro u g h  t im e .
1 .2  The R egion
The word 'P a n j a b '  c o n s i s t s  o f  two P e r s i a n  w ords 'P a n j '  and 'A a b ' .
I t  means f i v e  w a t e r s  and s i g n i f i e s  f i v e  r i v e r s  ( I n d u s ,  Jh e lu m , Chenab, 
Ravi and S u t l e j ) .  B e fo re  th e  p a r t i t i o n  o f  1947, i t  was a s i n g l e  s t a t e  
b u t  a f t e r  t h a t  was d i v id e d  i n t o  e a s t  and w es t  P a n ja b .  The a r e a  o f  
s tu d y  i s  w e s t  P a n ja b  ( a  p r o v in c e  o f  P a k i s t a n )  i n c l u d i n g  th e  S t a t e  o f  
B ahaw alpur.  I t  l i e s  be tw een  l a t i t u d e s  2 7 °4 2 ' and 3 4°2 'N  and 
l o n g i t u d e s  6 9 °1 8 '  and 7 5 °2 3 'E ,  c o v e r in g  an a r e a  o f  79 ,542  s q u a re  
m i l e s .  A cco rd ing  t o  t h e  Census o f  1971, t h e  r e g i o n  i n c l u d e s  f i v e  
p o l i t i c a l  d i v i s i o n s  o f  R a w a lp in d i ,  S a rg o d h a ,  L a h o re ,  M ultan  and 
B ahaw alpur, w i th  a t o t a l  o f  19 d i s t r i c t s  ( s e e  F ig ,  1 . 1 ) .  The P a n jab  
i s  t h e  m ost p o p u lo u s  o f  a l l  th e  p r o v in c e s  o f  P a k i s t a n  w i th  3 7 .37  m i l l i o n  
p e o p le  o r  57 .6  p e r  c e n t  o f  t h e  e n t i r e  p o p u l a t i o n  i n  1971 . D uring  th e  
p l a n n in g  p e r i o d  i t  unde rw en t  a  p r o c e s s  o f  r a p i d  change i n  th e  a c t i v i t i e s
FIGURE 1-1 LOCATION MAP OF PANJAB
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o f  economic and l e g i s l a t i v e  r e fo rm  p a r t i c u l a r l y  i n  a g r i c u l t u r e .  I t  
r em a in ed  th e  m ost u r b a n iz e d  p ro v in c e  o f  P a k i s t a n  and I n d i a  ( p r e v i o u s l y )  
w i th  one o f  t h e  b e s t  d e v e lo p e d  u rb a n  s y s te m s .  By 1971 , i t  was known as 
th e  p r o v in c e  w i th  t h e  most r a p i d l y  growing economy o f  P a k i s t a n .  The 
r a p i d  changes  i n  i t s  u r b a n i z a t i o n  a r e  a l s o  s i g n i f i c a n t  a s  compared t o  
the  r e m a in in g  r e g i o n s .  A l l  t h e s e  p o i n t s  s t r o n g l y  recommend i t  a s  an 
a r e a  f o r  th e  s tu d y  o f  u rb a n  dev e lo p m en t.  I n  a d d i t i o n ,  t h e  f a c t o r  
w hich made i t  p a r t i c u l a r l y  s u i t a b l e  f o r  t h e  p r e s e n t  s tu d y ,  i s  i t s  
h i g h l y  d e v e lo p e d  t r a n s p o r t  ( r o a d  and r a i l  n e tw o rk )  sy s tem  i n  P a k i s t a n .  
I t  makes i t  p o s s i b l e  t o  examine i n  d e t a i l  th e  r o l e  o f  a c c e s s i b i l i t y  i n  
t h e  deve lopm ent o f  r e g i o n a l  c o n t r a s t s  i n  u rb an  c h a n g e .
1 ,3  H i s t o r i c a l  Background
I t  i s  beyond th e  scope  o f  th e  C h a p te r  t o  g iv e  a d e t a i l e d  h i s t o r i c a l  
s u rv e y  o f  t h e  r e g i o n .  However, i t  i s  p o s s i b l e  t o  g iv e  a b r i e f  s k e tc h  
o f  i t s  h i s t o r i c a l  b a c k g ro u n d ,  which h a s  undergone  r a p i d  p o l i t i c a l  
changes  th ro u g h o u t  i t s  h i s t o r y .
Looking a t  i t  from  an u r b a n i z a t i o n  p o i n t  o f  v iew , t h e  r u i n s  o f  
H arappa  ( i n  Sahewal d i s t r i c t )  show t h a t  i t  was a w e l l  a r r a n g e d  c i t y  
d u r in g  t h e  p r e  Muslim p e r i o d .  I t  i s  th o u g h t  t h a t  i n  1500 BC Aryans 
came from  some f a r  d i s t a n t  p a r t s  o f  A s ia ,  th e y  s e i z e d  H arappa  and 
k i l l e d  th e  i n h a b i t a n t s .  A l l  th e  in v a d e r s  o f  t h e  P a n ja b  came th ro u g h  
th e  Khyber P a s s ,  w hich was th e  o n ly  n a t u r a l  ga tew ay  to  I n d i a ,  b e fo re  
t h e  adven t  o f  n a v i g a t i o n .  I n  326 BC A lexander  fo u g h t  h i s  way t o  n e a r  
T a x i l a  and advanced  a s  f a r  a s  th e  r i v e r  Beas; he  r e t u r n e d  a f t e r  making 
Po rus  t h e  g o v e rn o r  o f  a l l  t h e  c onque red  c o u n tr y  w e s t  o f  t h e  B eas .  The 
G reek r u l e  came t o  an end i n  n o r t h e r n  I n d i a  a f t e r  t h e  d e a th  o f  P o ru s .  
L a t e r  on th e  r e g i o n  came u n d e r  th e  B u d d h is t  r u l e  o f  Asoka and h i s  
s u c c e s s o r s .
I n  712 AD t h e  Muslim i n v a s i o n  to o k  p l a c e  when Muhammad Bin Qasim 
co n q u e red  S in d  and M ultan  and l a t e r  on i n  986-87 AD t h e  T u rk is h  S u l t a n  
S u b a k ta g in  c r o s s e d  th e  In d u s  t o  in v ad e  t h e  kingdom o f  L a h o re .  H is  
s u c c e s s o r  Mahmud Ghaznavi g a in e d  a v i c t o r y  o v e r  t h e  R a ja s  o f  Ajmer and 
i n  1008 AD he annexed  t h e  n o r t h e r n  P a n ja b .  He was fo l lo w e d  by Mahmud
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G h o r i ,  who was a s s a s s i n a t e d  by Gakhars i n  1205 AD and u n t i l  t h e  Mughal 
p e r i o d  (1526 AD) when Babar d e f e a t e d  Ib ra h im  Lodhi n e a r  P a n i p a t ,  Lahore 
was h e ld  by th e  r e p r e s e n t a t i v e  o f  th e  Shane D y n a s t ie s  o f  K h i l j i ,  
T u g h la k ,  Syed and L o d h i .  A f t e r  t h e  d e a th  o f  Babar i n  1530, h i s  son 
Humayun (who su c ce e d e d  him) was d r iv e n  away by t h e  Afghan G e n e ra l  Sher  
Shah S u r i  ( i n  1540) who rem a in e d  i n  p o s s e s s i o n  o f  L ahore  f o r  some 
y e a r s  and c o n n e c te d  M ultan  and Lahore by r o a d .  Humayun r e t u r n e d  and 
o c c u p ie d  Lahore  one y e a r  b e f o r e  h i s  a c c i d e n t a l  d e a th  i n  1556, when h i s  
son Akbar was p ro c la im e d  th e  Emperor o f  I n d i a  and th e  em pire  was e s t ­
a b l i s h e d  and th e  r e g i o n  e n jo y e d  a c o m p a ra t iv e  p e a c e  a f t e r  many y e a r s .
A f t e r  th e  d e a th  o f  Akbar th e  r e g i o n  was r u l e d  by h i s  son J e h a n g i r ,  
g ra n d so n  o f  Shah J e h a n ,a n d  th e n  by Aurang zeb u n t i l  1759 , when Mughal 
r u l e  came t o  an en d .  I t  was fo l lo w e d  by th e  S i k h s ,  who were d e f e a t e d  
by B r i t i s h  t r o o p s  w i th  heavy  l o s s e s  i n  1849, and t h e  P a n ja b  became a 
p r o v in c e  o f  B r i t i s h  I n d i a .  A f t e r  th e  M utiny o f  1857 th e  r e g i o n  made 
r a p i d  p r o g r e s s  i n  com m erc ial  and i n d u s t r i a l  w e a l t h .  I n  t h e  p a r t i t i o n  
o f  1947, t h e  P a n ja b  was d i v id e d  i n t o  E a s t  ( I n d i a )  and West ( P a k i s t a n )  
P a n ja b ,
The r i v e r s  o f  th e  P a n ja b  have p la y e d  th e  m ost i m p o r ta n t  r o l e  i n  th e  
h i s t o r y  o f  t h e  r e g i o n .  These r i v e r s  have n o t  o n ly  added t o  t h e  a g r i ­
c u l t u r a l  p r o s p e r i t y  o f  t h e  p ro v in c e  b u t  have  a l s o  been  o f  u se  i n  
v a r i o u s  a d m i n i s t r a t i v e  and s t r a t e g i c  w ays. They have  s e rv e d  as  th e  
b o u n d a r ie s  s in c e  th e  t im e  o f  A kbar. T h e i r  r o l e  as  a  d e fe n c e  b a r r i e r  
a g a i n s t  i n v a d e r s  and means o f  n a v i g a t i o n  h a s  a l s o  h a d  a s i g n i f i c a n t  
e f f e c t  on th e  o ld  s e t t l e m e n t s .  Most o f  th e  f o r t s  a r e  b u i l t  on th e  
r i v e r  banks f o r  t h e  p r o t e c t i o n  o f  t h e  i n h a b i t a n t s .  Because o f  th e  
g e n e r a l  s t a t e  o f  i n s e c u r i t y  th e  p o p u l a t i o n  was t o  be found  a lo n g  th e  
r i v e r s  ( s e e  F i g .  2 . 2 ) .  T h is  gave b i r t h  t o  a number o f  F e r ry  towns 
a lo n g  th e  c o u rs e  o f  t h e s e  r i v e r s .  The f i r s t  F e r r y  a t  A t to ck  was b u i l t  
by Akbar i n  1583. S i m i l a r l y ,  th e  o t h e r  im p o r ta n t  F e r r i e s  a re  n e a r  
K a lab ag h ,  Jhe lum , W azirabad  and Shah d a r a .
A cco rd ing  t o  th e  e a r l y  h i s t o r i c a l  a c c o u n ts  o f  W heeler  (1953) and 
T r e v a s k i s  (1928) th e  s e t t l e m e n t s  o f  t h e  r e g i o n  c an  be g rouped  i n t o  th e  
s i x  b ro ad  c h r o n o l o g i c a l  c l a s s e s  o f :
i .  P re -H ara p p a
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i i .  H arappa  o r  In d u s  Age (p ro b a b ly  2500-1500 BC) 
i i i .  P o s t  H arappa  o r  Dark Age ( p ro b a b ly  b e g in n in g  a f t e r  1500 BC) 
i v .  P r o to  H i s t o r i c a l  (522 BC -  AD 470 a p p ro x im a te ly )  
v .  H i s t o r i c a l  (470-1843 AD) 
v i ,  B r i t i s h  P e r io d  (1843 -1947 )  and p o s t - p a r t i t i o n  s e t t l e m e n t s .
The h i s t o r i c a l  s e t t l e m e n t s  o f  t h e s e  p e r io d s  a r e  g e n e r a l l y  l o c a t e d  
a t  t h e  p o i n t s  w hich  had  e i t h e r  a com m erc ia l  o r  s t r a t e g i c | o r  b o th .
Most o f  t h e s e  can  be found  n e a r  th e  r i v e r s  o r  b r id g e  h e a d s ,  a t  th e  
c r o s s i n g  o f  h i s t o r i c a l  r o u t e s  (L a h o re ,  M ultan )  a nd , i n  g e n e r a l ,  th e  
lo w ly in g  f e r t i l e  l a n d  n e a r  t h e  r i v e r s  was s e l e c t e d .  The b ig  towns were 
s t r o n g l y  f o r t i f i e d  by m ass iv e  d e fe n c e  w a l l s ,  w hich a r e  s t i l l  t h e r e .
Town p a rk s  w ere  o n ly  b u i l t  d u r in g  t h e  Mogul p e r i o d  w h i le  th e  r e m a in in g  
f a c i l i t i e s ,  l i k e  d r a i n a g e ,  w ere  poo r  u n t i l  th e  B r i t i s h  p e r i o d ,  which 
added much t o  th e  u r b a n i z a t i o n  o f  t h e  r e g i o n  by i n t r o d u c i n g  a  p la n n e d  
l a y o u t  o f  th e  s t r e e t s  and r e s i d e n t i a l  l a n e s ,  p a r t i c u l a r l y  i n  c a n to n m e n ts ,  
c a n a l  and r a i l w a y  c o lo n y  tow ns ,
1 ,4  R e l i e f
A d e t a i l e d  to p o g ra p h y  o f  t h e  r e g i o n  h a s  been d i s c u s s e d  by S p a te  (1967) 
and Wadia (1 9 6 6 ) ;  h e r e ,  o n ly  a b r i e f  s k e tc h  i s  g iv e n  i n  o r d e r  t o  g e t  a 
c l e a r  p i c t u r e  o f  t h e  p ro b le m . The r e g i o n  h a s  v a r i e d  r e l i e f  c o n s i s t i n g  
o f  m o u n ta in s ,  p l a t e a u x  and p l a i n s  w a te re d  by th e  In d u s  r i v e r  and i t s  
t r i b u t a r i e s .  I n  t h e  n o r t h  some o f  t h e  a r e a  i s  c o v e re d  by th e  S a l t  
Range and t h e  Po tw ar P l a t e a u ,  which s t a r t s  n e a r  Jh e lu m  and ru n s  s o u th ­
w e s t  t o  th e  n o r t h  o f  t h e  r i v e r  Jhe lum  and c r o s s e s  t h e  In d u s  n e a r  
K a la  Bagh. N ear S a k e s a r  t h e  h e i g h t  o f  t h e  r a n g e  i s  ab o u t  5 ,000  f e e t  
above s e a  l e v e l .  I t  c o n t a i n s  a number o f  f e r t i l e  p l a t e a u x ,  p a s s e s ,  
and s a l t  l a k e s .  A l a r g e  q u a n t i t y  o f  r o c k  s a l t  and o t h e r  m i n e r a l s ,  such 
as  gypsum and c o a l  a r e  fo u n d  i n  t h i s  r a n g e .  To th e  n o r t h  l i e s  th e  
Po tw ar p l a t e a u  w i th  an a v e ra g e  h e i g h t  o f  1 ,5 0 0  f e e t  above se a  l e v e l .
The p ro m in e n t  f e a t u r e s  o f  t h e  l a n d s c a p e  a re  t h e  r i d g e s  and t ro u g h s  -  
t h e  r e s u l t  o f  e r o s i o n .
S ou th  o f  th e  S a l t  Range s t r e t c h e s  th e  v a s t  p l a i n  a lo n g  th e  r i v e r s .
I t s  h e i g h t  r a n g e s  betw een 400 and 1 ,0 0 0  f e e t .  I t  changes  w i th  an 
a v e ra g e  g r a d i e n t  o f  one f o o t  to  one m i l e .  With t h e  e x c e p t io n  o f  some
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o ld  d ry  h i l l s  ( n e a r  S a rg o d h a ,  C h in io t  and S a n g la )  th e  l e v e l  p l a i n  i s  
l a r g e l y  made o f  f e r t i l e  a l lu v iu m  d e p o s i t e d  by th e  r i v e r s .  B e fo re  th e  
ad v e n t  o f  p e r e n n i a l  c a n a l  i r r i g a t i o n  a t  t h e  b e g in n in g  o f  t h e  p r e s e n t  
c e n t u r y ,  much o f  t h e  p l a i n s  was no b e t t e r  th a n  a d e s e r t  o r  s e m i - d e s e r t .  
The r i v e r  w a te r s  w ere  t h e n  u s e d  t o  c o n v e r t  th e  d e s e r t  t o  c u l t i v a b l e  
l a n d .  But now m ost o f  t h e s e  p l a i n s  a re  i r r i g a t e d  by r i v e r s  and c a n a l s  
and a r e  d iv id e d  i n t o  s e v e r a l  i n t e r f l u v e s  o r  ’d o a b s '  o f  f e r t i l e  and 
p r o s p e r o u s  a g r i c u l t u r a l  l a n d .  These c e n t r a l  'd o a b s '  a r e  g iv e n  names 
compounded from  t h o s e  o f  t h e i r  c o n f in in g  s tr e a m s  -  'C ha j*  (betw een  
Chenab and J h e lu m ) ,  'Rechna* (be tw een  Ravi and C henab ) ,  w h i le  'S in d  
S a g a r '  and ' B a r i '  a re  l o c a t e d  i n  t h e  w e s t  and e a s t  o f  t h e  c e n t r e  
r e s p e c t i v e l y .
The a r e a s  s t i l l  u n i r r i g a t e d  o r  w i th  po o r  i r r i g a t i o n  f a c i l i t i e s  ( i n  
t h e  p l a i n s )  a r e  'T h a i '  and 'T h a i '  d e s e r t s  l y i n g  i n  'S i n d  S ag a r  Doab' 
and E a s t  o f  th e  S u t l e j  r e s p e c t i v e l y .  I t  i s  hoped t h a t  t h e s e  a r e a s  w i l l  
n o t  p e r s i s t  f o r  much lo n g e r  a s  p r o g r e s s  i s  made t o  d e v e lo p  th e  a r e a s  
u n d e r  schemes such  as  t h e  T hai Development A u th o r i t y  (TDA).
1 .5  Aims and O b j e c t i v e s
The t h e s i s  i s  a d d re s s e d  t o  t h e  q u e s t i o n s  posed  by r e g i o n a l  
p a t t e r n s  o f  u rb a n  c h a n g e .  The fu n d am en ta l  q u e s t i o n s  a r e  r e l a t e d  t o  
th e  r o l e  and im p o r ta n c e  o f  e n v i r o n m e n ta l ,  economic and a d m i n i s t r a t i v e  
f a c t o r s  i n  th e  change o f  u r b a n  p r o c e s s .  F o cu s in g  on ' c o n n e c t i v i t y '  
as  one o f  t h e  i m p o r ta n t  f a c t o r s ,  th e  p a t t e r n  o f  change  i s  a n a ly s e d  
and i n t e r - r e l a t i o n s h i p  i s  exam ined a g a i n s t  t h i s  b ack g ro u n d .
The d e t a i l e d  o b j e c t i v e s  o f  t h e  s tu d y  i n c l u d e :
t o  t e s t  th e  te m p o ra l  r e l a t i o n s h i p  betw een th e  g row th  o f  r a i lw a y  
n e tw o rk  and u r b a n  p o p u l a t i o n
-  t o  t e s t  t h e  v a l i d i t y  o f  t h e  h y p o th e s i s  i n  th e  r e g i o n  t h a t  t h e r e  i s  
an o b s e r v a b le  r e l a t i o n s h i p  betw een a v a i l a b l e  t r a n s p o r t , f a c i l i t i e s  and 
u rb a n  deve lopm en t a n d /u s e  as  t h e  b a s i s  f o r A a d d i t i o n a l  f a c t o r s  o f  
p h y s i c a l  e n v iro n m en t  and c o m m e r c i a l i z a t io n ,
-  t o  e x te n d  th e  u s e  o f  g rap h  th e o r y  t o  t h e  i n t r a - r e g i o n a l  s c a l e  and 
e x p l a i n  s p a t i a l  v a r i a t i o n  i n  ne tw ork  s t r u c t u r e  i n  te rm s  o f  i n t r a -
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r e g i o n a l  v a r i a t i o n s  i n  u rb a n  d e v e lopm en t.
-  t o  e x p lo r e  t h e  theme o f  i n t e r a c t i o n  betw een u rb a n  g row th  and 
t r a n s p o r t  deve lopm en t i n  a  s p e c i f i c  r e g i o n a l  s e t t i n g .
t o  i d e n t i f y  th e  a r e a s  o f  low and h ig h  a c c e s s i b i l i t y ,  where f u t u r e  
deve lopm ent s h o u ld  be c o n s id e r e d ,
1 .6  Framework
To a c h ie v e  th e  above o b j e c t i v e ,  t h e  s tu d y  h a s  been  d iv id e d  i n t o  
f o u r  p a r t s .  The f i r s t  p a r t  d e a l s  w i th  t h e  i n t r o d u c t i o n  o f  t h e  r e g i o n  
and p rob lem , d i s c u s s i n g  th e  aim and o b j e c t i v e s  and t h e  main q u e s t i o n s  
t o  w hich th e  t h e s i s  i s  a d d re s s e d  a lo n g  w i th  a b r i e f  o u t l i n e  o f  t h e  
a n a l y t i c a l  p r o c e d u re  ad o p te d  i n  t h e  t h e s i s .  I t  a l s o  i n c l u d e s  t h e  d a t a  
s o u r c e s .  T h is  i n t r o d u c t o r y  A&cficu, h fo l lo w e d  by th e  d e s c r i p t i v e  p a r t  
( C h a p te r s  2 and 3 ) ,  where C h a p te r  2 d i s c u s s e s  t h e  h i s t o r i c a l  t r e n d s  o f  
u r b a n i z a t i o n  and u rb a n  grow th a t  t h e  r e g i o n a l  and s u b - r e g i o n a l  l e v e l s .
I n  a d d i t i o n ,  i t  o f f e r s  th e  s p a t i a l  d i s t r i b u t i o n  o f  u r b a n  c e n t r e s .  I n  
o r d e r  t o  a s s e s s  and r e l a t e  th e  growth o f  r a i l w a y  n e tw o rk ,  C h a p te r  3 
lo o k s  a t  t e m p o ra l  grow th  o f  t h e  ne tw ork  f o r  s i m i l a r  p e r i o d s .  The 
te m p o ra l  r e l a t i o n s h i p  o f  th e  p a ra m e te r s  on r e g i o n a l  and s u b - r e g i o n a l  
l e v e l s  i s  exam ined i n  C h a p te r  4 .
A f t e r  exam in ing  th e  r e l a t i o n s h i p  betw een  r a i l w a y  and u rb a n  g ro w th , 
p a r t  t h r e e  ( C h a p te r s  5 and 6 ) a n a ly s e s  t h e  s t r u c t u r e  o f  t h e  e x i s t i n g  
t r a n s p o r t  n e tw o rk  (1971) and a l s o  p r e s e n t s  th e  n o d a l  a c c e s s i b i l i t y  
o f  t h e  v a r i o u s  s i z e  towns to  t h e i r  r e s p e c t i v e  r e g i o n a l  and s u b - r e g io n a l  
( d i v i s i o n  l e v e l )  t r a n s p o r t  n e tw o rk s .  I t  i s  th e n  r e l a t e d  t o  th e  u rb an
s i z e  and g ro w th ,  th ro u g h  th e  framework o f  s im p le  and p a r t i a l
c o r r e l a t i o n s .
To a s s e s s  th e  r e l a t i o n s h i p  o f  a c c e s s i b i l i t y  w i th  a  number o f  s o c io ­
economic f a c t o r  p a r t  f o u r  ( C h a p te r s  7 and 8 ) a t t e m p t s  t o  a n a ly s e  
d i s t r i c t  l e v e l  p a t t e r n s  o f  c o n n e c t i v i t y ,  a c c e s s i b i l i t y  and u rb a n  change , 
A number o f  m e t r i c a t e d  i n d i c e s  r e p r e s e n t i n g  t h e  s o c io -e c o n o m ic  p o s i t i o n  
o f  t h e  d i s t r i c t s  a r e  d i s c u s s e d  and r e l a t e d .  F i n a l l y ,  C h a p te r  9 o f f e r s
an o v e r a l l  summary, c o n c lu s io n  and i m p l i c a t i o n s .
1 ,7  M ethodology
The a n a l y s i s  o f  t r a n s p o r t  n e tw o rk s  h a s  become an im p o r ta n t  p a r t  
o f  g e o g r a p h i c a l  s t u d i e s  i n  r e c e n t  y e a r s .  B e fo re  World War I I ,  
t r a n s p o r t  n e tw o rk s  d e v e lo p e d  i n  an u n r e l a t e d  f a s h i o n  b u t  p o s t  war 
changes  and deve lopm en ts  i n  t r a n s p o r t  a re  m ain ly  f o c u s e d  upon th e  
a n a l y t i c a l  s tu d y  o f  n e tw o rk s  i n  b o th  t h e  d e v e lo p e d  and d e v e lo p in g  
c o u n t r i e s  (R ob inson  1 9 7 8 ) .  B efo re  t h e  i n t r o d u c t i o n  o f  t h e  g raph  
t h e o r y  a number o f  t e c h n iq u e s  were u s e d  i n  t h e  s tu d y  o f  t r a n s p o r t a t i o n  
by d i f f e r e n t  g e o g r a p h e r s .  W allace  (1 9 6 3 ) ,  f o r  exam ple s u g g e s te d  an 
app roach  f o r  t h e  f u n c t i o n a l  c l a s s i f i c a t i o n  o f  r a i l w a y s ,  w here  i t  i s  
p o s s i b l e  t o  c l a s s i f y  r o u t e s  a c c o r d in g  t o  th e  d i r e c t i o n  o f  th e  t r a f f i c .  
Some more s t u d i e s  o f  s e a  p o r t s  by B r i t t o n  (1965) and B i rd  (1968)  were 
w e l l  known. But t h e s e  a p p ro a c h e s  have  f a i l e d  t o  p r o v id e  a d e q u a te  
c o m p a ra t iv e  m easu res  o f  n e tw ork  c h a r a c t e r i s t i c s  w hich  a r e  p r a c t i c a l l y  
acknow ledged t o  be i m p o r ta n t  (Hay 1 9 7 3 ) ,  An a l t e r n a t i v e  ap p ro ach  h a s  
been d e v o te d  t o  t h e  i d e n t i f i c a t i o n  o f  t o p o l o g i c a l  p r o p e r t i e s  d e f in e d  
i n  t h e  la n g u a g e  o f  g rap h  th e o r y  o r  m a t r ix  a l g e b r a .  The ap p ro ach  was 
p io n e e r e d  by G a r r i s o n  (1960) b u t  th e  f i r s t  g e o g r a p h i c a l  a p p l i c a t i o n  i s  
due t o  Kansky (1 9 6 3 ) ,
Here t h e  m easu res  o f  t r a n s p o r t  ne tw ork  s t r u c t u r e  a r e  d e r i v e d  from 
g raph  t h e o r y  and a re  r e l a t e d  by r e g r e s s i o n  and c o r r e l a t i o n  m ethods to  
s p a t i a l  v a r i a t i o n s  i n  t h e  d i s t r i b u t i o n  o f  u rb a n  p o p u l a t i o n  and th e  
grow th o f  u rb a n  c e n t r e s .  S i m i l a r l y  t h e s e  m easu res  a r e  u s e d  t o  examine 
t h e  changes  th ro u g h  t im e  o f  th e  t o t a l  c o n n e c t i v i t y  o f  t h e  t r a n s p o r t  
n e tw o rk s  and t h e  r e l a t i v e  c o n n e c t i v i t y  o f  t h e  m a jo r  u rb a n  c e n t r e s .
The p r o c e d u r e s  a d o p te d  a r e  b r i e f l y  d i s c u s s e d  i n  t h e  s u b s e q u e n t  s e c t i o n s  
o f  t h e  a n a l y s i s ,  w he reas  t h e  d e t a i l s  o f  t o p o l o g i c a l  and n o n - t o p o l o g i c a l  
i n d i c e s  a r e  g iv e n  i n  Appendix  A.
1 .8  D ata  S o u rc es
The m ajo r  p a r t  o f  t h e  s tu d y  r e q u i r e s  h i s t o r i c a l  d a t a  f o r  b o th  u rb a n  
and r a i l w a y  deve lopm en ts  i n  t h e  r e g i o n .  The d a t a  f o r  u rb a n  grow th was 
d e r i v e d  from  th e  Census r e p o r t s  1881-1971 , w h e reas  f o r  th e  deve lopm ent
Thty a te  b a sed  on I n d i a ,  Census Com m issioner, Census o f  I n d i a ,  The P a n ja b  
1881, 1891, 1901, 1911, 1921, 1931, 1941 ( C a l c u t t a :  S u p e r in t e n d e n t  o f  
Government P r i n t i n g )  and P a k i s t a n ,  O f f ic e  o f  Census Com m issioner Censu 
o f  P a k i s t a n ,  The P a n ja b ,  1951, 1961 and 1971 ( K a r a c h i ) ,
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o f  r a i l w a y  ne tw o rk  s in c e  1 8 6 2 , /5ticy c o l l e c t e d  from  th e  r a i l w a y  r e c o r d s
and d i s t r i c t  g a z e t t e e r s .  I t  was th e n  v e r i f i e d  from  t h e  r a i l w a y  t im e ­
t a b l e s  ( a v a i l a b l e  a t  t h e  R ailw ay  B oard , L a h o r e ) .  The a d d i t i o n a l  s t a t ­
i s t i c a l  m a t e r i a l  r e l a t e d  t o  r o a d  developm ent (1971)  was d e r i v e d  from 
th e  d i s t r i c t  maps, which were a v a i l a b l e  i n  t h e  f i e l d  and t h e i r  a c c u ra c y  
was checked  w i th  t h e  h e lp  o f  t h e  ' S t a t i s t i c a l  B u l l e t i n s  o f  Highway 
D epartm ent ( L a h o r e ) *.
For th e  d a t a  r e q u i r e d  f o r  t h e  n o d a l  a c c e s s i b i l i t y  ( t im e  and d i s t a n c e )  
t h e  t im e  t a b l e s  o f  Government T r a n s p o r t  S e r v ic e  w ere  u s e d ,  w h i le  t h e  
i n f o r m a t io n  f o r  d i s t r i c t  l e v e l  m e t r i c a t e d  i n d i c e s  ( t r a f f i c  f lo w )  were 
c o l l e c t e d  from  t h e  P a n jab  Highway D epartm en t .  The r e m a in in g  s o c io ­
economic i n d i c e s  o f  t h e  d i s t r i c t s  were based  on t h e  p u b l i s h e d  and 
u n p u b l i s h e d  d a t a  o f  t h e  P a n jab  Bureau o f  S t a t i s t i c s ,  w hich  were a l s o  
c o l l e c t e d  d u r in g  t h e  f i e ld w o r k  o f  1979.
C h a p te r  2 
URBANIZATION
2 .1  I n t r o d u c t i o n
One o f  th e  m ost s i g n i f i c a n t  f e a t u r e s  o f  p o p u l a t i o n  i n  most 
c o u n t r i e s  i s  t h e  d e g re e  t o  w hich  th e y  have  become u r b a n  i n  r e c e n t  
y e a r s .  I n  th e  P a n ja b ,  u r b a n i z a t i o n  d u r in g  th e  l a s t  90 y e a r s  h a s  
s i g n i f i e d  t h a t  one o u t  o f  e v e ry  f o u r  'P a n j a b i s '  was l i v i n g  i n  an 
u rb a n  p l a c e  i n  1971 , i n  c o n t r a s t  t o  o n ly  one i n  11 i n  1881 , I f  
th e  t r e n d  c o n t i n u e s  t o  th e  y e a r  2 000 , more t h a n  h a l f  o f  th e  
p o p u l a t i o n  would  become u r b a n i t e s .  The number o f / p l a c e s  i s  a l s o  
i n c r e a s i n g  i n  a s i m i l a r  way. The d ra m a t ic  s o c i a l  and economic change 
t h a t  h a s  t a k e n  p l a c e  i n  t h e  r e g i o n  s in c e  t h e  l a t t e r  p a r t  o f  t h e  n i n e ­
t e e n t h  c e n t u r y ,  h a s  accom panied  a v e ry  r a p i d  r a t e  o f  u r b a n i z a t i o n .
I n  t h i s  r e s p e c t  t h e  c e n s u s e s  s in c e  1881 p r o v id e  a l a r g e  body o f  d a t a  
(d ecad e  by d e c a d e )  t h a t  can  be u s e d  t o  s tu d y  u r b a n i z a t i o n .  Because 
o f  t h e  d i f f i c u l t i e s  l i k e  c hanges  i n  i n t e r n a l  and e x t e r n a l  b o u n d a r ie s  
o f  t h e  r e g i o n ,  th e  te m p o ra l  p a t t e r n  o f  u r b a n i z a t i o n  i s  m easu red  on 
th e  b a s i s  o f  e x i s t i n g  b o u n d a r ie s  o f  r e g i o n a l  and s u b - r e g i o n a l  
p o l i t i c a l  u n i t s .
T h is  s e c t i o n  o f  th e  t h e s i s  i s  f o c u s e d  upon th e  t r e n d s  and p a t t e r n s  
o f  u r b a n i z a t i o n  i n  th e  P a n jab  w i th  a  v iew  t o  d e te rm in .  t h e  speed  
and n a t u r e  o f  t h e  p r o c e s s .  How d id  u r b a n i z a t i o n  p ro c e e d  d u r in g  
d i f f e r e n t  h i s t o r i c a l  p e r i o d s  a t  t h e  r e g i o n a l  and s u b - r e g i o n a l  l e v e l s ?  
How d i d  t h e  g row th  o f  t r a n s p o r t  a f f e c t  t h e  pace  o f  u r b a n i z a t i o n  
th ro u g h  i n d i v i d u a l  towns o f  d i f f e r e n t  s i z e s ?  How does  th e  t r e n d  o f  
u rb a n  grow th  c o r r e s p o n d  w i th  th e  t r e n d  o f  r a i l w a y  g row th?  Has t h e  
tempo o f  u r b a n i z a t i o n  been  s i m i l a r  i n  th e  l a r g e  and s m a l l  towns 
d u r in g  t h e  p e r io d ?  I s  u rb a n  grow th  more r e l a t e d  t o  t h e  p r o d u c t i v i t y  
o f  l a n d  o r  t o  t h e  a c c e s s  o f  t r a n s p o r t  f a c i l i t i e s ?
We p ro c e e d  i n  t h i s  c h a p t e r  by p r e s e n t i n g  a h i s t o r i c a l  p e r s p e c t i v e
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o f  u r b a n i z a t i o n  t o  answer t h e s e  q u e s t i o n s .
The d e f i n i t i o n  o f  u r b a n i z a t i o n  v a r i e s  a c c o r d in g  t o  th e  a p p ro a c h .
T h is  s tu d y  i s  b a s i c a l l y  g e o g ra p h ic  i n  app roach  and i s  m a in ly  
c o n c e rn e d  w i th  t h e  change i n  t h e  s e t t l e m e n t  p a t t e r n  from  a d i s p e r s e d  
p a t t e r n  r e l a t e d  t o  a g r i c u l t u r e  t o  a  more c o n c e n t r a t e d  o n e ,  r e l a t e d  t o  
n o n - a g r i c u l t u r a l  f u n c t i o n s .  I n  t h i s  s tu d y  u r b a n i z a t i o n  h a s  a  tw o fo ld  
m ean ing . The l e v e l  o f  u r b a n i z a t i o n  r e f e r s  t o  t h e  p e r c e n ta g e  o f  a  r e g i o n ' s  
t o t a l  p o p u l a t i o n  r e s i d i n g  i n  u r b a n  c e n t r e s ,  w he reas  t h e  change i n  l e v e l  
i s  s im p ly  th e  a b s o l u t e  change i n  t h i s  l e v e l ,  t h a t  i s  t h e  change i n  a 
r e l a t i v e  phenomena (D a v is ,  1 9 6 2 ) ,  Here we w i l l  lo o k  a t  b o th  a s p e c t s  
and w i l l  p l a c e  m a jo r  em phasis  on th e  change i n  u r b a n i z a t i o n ,  w i th  
w hich  we a r e  p r i m a r i l y  c o n c e rn e d ,  becau se  t h e  deve lopm en t o f  u r b a n ­
i z a t i o n  t a k e s  p l a c e  th ro u g h  t im e  and th e  c o n d i t i o n s  a r e  c o n s t a n t l y  
c h a n g in g .  T h is  a n a l y s i s  o f  t h e  a b s o lu t e  changes on th e  l e v e l  of t h e  
u r b a n i z a t i o n  o f  t h e  s u b - r e g io n s  d u r in g  th e  p e r i o d  w i l l  be u s e f u l  f o r  
th e  i n t e r - c o r r e l a t i o n  i n  th e  s u b s e q u e n t  s e c t i o n  o f  t h e  t h e s i s .  The 
d i s c u s s i o n  i n c l u d e s  a  t e n t a t i v e  d e s c r i p t i o n  o f  th e  p r o c e s s e s  o f  
u r b a n i z a t i o n  a lo n g  w i th  th e  m a jo r  f a c t o r s ,  w hich m ust be t a k e n  i n t o  
a c c o u n t ,  b e c au se  t h e  d i s t r i b u t i o n  o f  towns i n  any r e g i o n  i s  a r e s u l t  
o f  a  lo n g  i n t e r p l a y  o f  f o r c e s ,  M o r r i l l  (1963) s u g g e s t s  t h a t  t h e  
h i s t o r i c a l  d im e n s io n  i s  o f  c r u c i a l  im p o r ta n c e  t o  th e  s tu d y  o f  u rb a n  
deve lopm en t f o r  t h e  r e a s o n s  o f  t e c h n o l o g i c a l  ch an g e ,  l o c a t i o n a l  
d e c i s i o n s  and c h a r a c t e r i s t i c s  o f  u rb a n  p o p u l a t i o n .
A c c o rd in g  t o  H a u se r  (1965)  t h e  deve lopm ent o f  towns i s  a  f u n c t i o n  o f  
f o u r  c l o s e l y  i n t e r r e l a t e d  f a c t o r s :  
i  s i z e  o f  t o t a l  p o p u l a t i o n
i i  d e g re e  o f  c o n t r o l  o v e r  t h e  n a t u r a l  e n v iro n m en t  
i i i  l e v e l  o f  t e c h n o l o g i c a l  deve lopm ent
i v  th e  ty p e  o f  s o c i a l  o r g a n i z a t i o n .
The p r e - c o l o n i a l  u r b a n  s i t u a t i o n  o f  th e  r e g i o n  shows t h a t  a v e ry  h ig h  
i n f a n t  m o r t a l i t y  r a t e  and d i s e a s e  d id  n o t  a l lo w  marked p o p u l a t i o n  
i n c r e a s e  where m an 's  m o b i l i t y  and s e t t l e m e n t  s i z e s  w ere  r i g i d l y  l i m i t e d  
by th e  e n v i ro n m e n t .  The c a ra v a n  r o u t e s  be tw een  e a s t  and w e s t  th ro u g h  
th e  r e g i o n  c a u se d  th e  f i r s t  w id e s p re a d  t r a n s f o r m a t i o n  o f  s e t t l e m e n t s  
where many c e n t r e s  and m a rk e ts  d ev e lo p ed  and p ro d u ce d  goods f o r  t r a d e .
L a t e r  on w i th  th e  ( i n c r e a s e  i n  th e  d e g re e  o f  c o n t r o l  o v e r  th e  n a t u r a l
e n v iro n m e n t)  i n t r o d u c t i o n  o f  r a i l  and f a c i l i t i e s  l i k e  m ed ic in e  and 
e d u c a t i o n ,  th e  towns g r a d u a l l y  d e v e lo p e d  a lo n g  th e  l i n e s  a t
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com m unication  nodes  and th e  i n t r o d u c t i o n  o f  t h e s e  new f o r c e s  o f  
u r b a n i z a t i o n  c a u se d  c o n s t a n t  changes  i n  th e  d e v e lo p in g  u r b a n  p a t t e r n s .
New c e n t r e s  emerged as  o t h e r s  d e c l i n e d ,  some e x p e r i e n c e d  r a p i d  
grow th  w h i le  o t h e r s  s t a g n a t e d .  S i m i l a r l y ,  p l a c e s  w ere  sa v ed  from  t o t a l  
d e c l i n e  by th e  i n t r o d u c t i o n  o f  new a c t i v i t i e s  and enhancem ent o f  
c e r t a i n  o l d e r  p o l i t i c a l  economic f u n c t i o n s .  C i t i e s  a l s o  a ro s e  a t  
s t r a t e g i c  p o i n t s  where m i l i t a r y  n e c e s s i t y  r e q u i r e d  a pe rm anen t  camp, 
such  as on e i t h e r  s id e  o f  a  b r i d g e ,  m oun ta in  p a s s e s  and c r o s s  r o a d s .
The i n t e n t i o n  h e r e  i s  t o  s k e t c h  th e  h i s t o r i c a l  b ack g ro u n d  w i th  
em phasis  on th e  f a c t o r s  and e v e n t s  t h a t  l e d  t o  t h e  deve lopm en t o f  c e r t a i n  
p l a c e s  as  im p o r ta n t  nodes w h i le  once f l o u r i s h i n g  to w n s ,  d e c l i n e d .
Some o f  th e  f a c t o r s  t h a t  were im p o r ta n t  i n  p ro d u c in g  c e r t a i n  c e n t r e s  i n  
th e  p a s t  a re  n o t  o p e r a t i n g  a t  p r e s e n t .  T h is  r a i s e s  q u e s t i o n s  c o n c e r n in g  
th e  v i a b i l i t y  o f  some c e n t r e s  i n  th e  l i g h t  o f  c h a n g in g  c u l t u r a l  p a t t e r n s  
and t r a n s p o r t a t i o n  t e c h n o lo g y .  The answ er to  such  q u e s t i o n s  can a l s o  
be found  by lo o k in g  a t  th e  ch a n g in g  p a t t e r n  o f  u r b a n  grow th  i n  th e  
r e g i o n .
A b so lu te  g row th  i s  d e f i n e d  as t h e  n e t  a d d i t i o n  o f  p e o p le  t o  e x i s t i n g  
p o p u l a t i o n  and can  t a k e  p l a c e  m a in ly  e i t h e r  by m i g r a t i o n  o r  by n a t u r a l  
i n c r e a s e  ( b i r t h s  m inus d e a t h s )  w hich  does n o t  a f f e c t  t h e  s p a t i a l  
p a t t e r n  o f  th e  r e g i o n  as  s i g n i f i c a n t l y  as m ig r a t i o n .  To a n a ly s e  t h e  
g row th  p a t t e r n s  o f  t h e  r e g i o n ,  th e  f i r s t  s e c t i o n  t r a c e s  t h e  a b s o lu t e  
changes  o f  u rb a n  p o p u l a t i o n  on r e g i o n a l  and s u b - r e g i o n a l  l e v e l s ,  w hereas  
th e  seco n d  s e c t i o n  exam ines t h e  ch a n g in g  ne tw o rk  o f  i n d i v i d u a l  towns 
b o th  w i t h i n  and o u t s i d e  t h e  fram ework o f  t h e i r  r e s p e c t i v e  s i z e  g ro u p s .
2 .2  Growth o f  U rban  P o p u l a t i o n
T ab le  2 .1  g iv e s  th e  p e r c e n ta g e  v a r i a t i o n  f o r  t o t a l ,  u rb a n  and r u r a l  
p o p u l a t i o n  d u r in g  t h e  l a s t  n in e  decades  s e p a r a t e l y .  I t  shows t h a t  
d u r in g  t h e  decade  1881 -9 1 ,  th e  grow th r a t e  o f  r u r a l  p o p u l a t i o n  was 
h i g h e r  t h a n  t h a t  o f  u rb a n  p o p u l a t i o n  and u n t i l  1 9 0 1 -1 1 ,  i t  rem ained  
a lm o s t  e q u a l .  I n  t h e  n e x t  decade  (1 9 1 1 -2 1 )  t h e r e  was a modest i n c r e a s e  
i n  th e  u r b a n  p o p u l a t i o n .  A more d i s t i n c t i v e  d i f f e r e n c e  betw een th e  
g row th  r a t e s  appeals  d u r in g  1921-31 when r u r a l  p o p u l a t i o n  i n c r e a s e d  by 
14 .93  p e r  c e n t ,  w h i l e  t h e  u rb a n  p o p u l a t i o n  i n c r e a s e d  more th a n  t h r e e  
t im e s  ( 4 5 .9 5  p e r  c e n t )  compared t o  th e  p r e v io u s  d e c a d e .  A f t e r  a
Table 2.1
DECADE WISE VARIATION (PERCENTAGE) 
IN TOTAL, URBAN AND RURAL POPULATION 
OF THE PANJAB 1881-1971
Decade T o t a l  p o p u l a t i o n  Urban p o p u l a t i o n  R u r a l  p o p u l a t i o n
1881-1891 1 1 .7 1 8 ,68 12 .03
1891-1901 1 3 .2 2 13 .67 1 3 .17
1901-1911 6 .5 5 6 .6 6 6 .5 5
1911-1921 7 .0 0 1 4 .85 6 .2 1
1921-1931 1 7 .9 8 45 .95 14 .9 3
1931-1941 2 3 .73 49 .59 20 .1 5
1941-1951 20 .2 1 40 .69 16 .67
1951-1961 23 .96 53.32 17 .85
1961-1971 46 .6 2 68 .47 40 .71
S o u rc e :  Computed from  th e  Census r e p o r t s  o f  t h e  P a n ja b  1881-1971 .
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s l i g h t  d e c l i n e  i n  t h e  r a t e  o f  i n c r e a s e  i n  1 9 4 1 -5 1 ,  t h e  u r b a n  p o p u l a t i o n  
m a in ta in e d  i t s  g row th  i n  t h e  n e x t  d e c ad e .  D uring  1961-71  a h i g h e r  
i n c r e a s e  i s  a l s o  w i t n e s s e d  i n  th e  r a t e s  o f  t o t a l  and r u r a l  p o p u l a t i o n  
g ro w th ,  w hereas  th e  u r b a n  g row th  w i tn e s s e d  th e  h i g h e s t  r a t e  (6 8 .4 7  p e r  
c e n t ) ,  I n t e r e s t i n g l y  d u r in g  th e  decade 1 9 6 1 -7 1 ,  th e  r a t e  o f  i n c r e a s e  
i n  r u r a l  and t o t a l  p o p u l a t i o n  w en t up t o  40 .71  p e r  c e n t  and 46 .62  p e r  
c e n t  r e s p e c t i v e l y  a s  compared t o  t h e i r  g row th o f  1 7 ,8 5  p e r  c e n t  and 
23 .96  p e r  c e n t  f o r  t h e  p r e v io u s  decade w h i le  t h e  r a t e  o f  u r b a n  grow th  
i n c r e a s e d  t o  6 8 ,4 7  p e r  c e n t  compared to  5 3 .32  p e r  c e n t  f o r  th e  p r e v io u s  
decade  ( s e e  T a b le  2 . 1 ) .  T h is  t h a t  u rb a n  p o p u l a t i o n  grow th h a s
been  v e r y  r a p i d  by com par ison  w i th  e i t h e r  r u r a l  o r  t h e  t o t a l  p o p u l a t i o n .  
The m ost r a p i d  g row th  h a s  been  r e c o r d e d  i n  th e  f i n a l  decade  o f  r a i l w a y  
deve lopm en t ( 1 9 2 1 -3 1 ) ,  due t o  i n c r e a s e d  a g r i c u l t u r a l  p r o s p e r i t y  and 
th e  c o n s e q u e n t  g row th  o f  t r a d e  and commerce. Commercial a c t i v i t y  
a t t r a c t e d  m ig r a n ts  t o  v a r i o u s  new u rb a n  c e n t r e s  a lo n g  th e  r a i l w a y  
l i n e s ,
2 ,3  Degree o f  U r b a n i z a t i o n
The d e g re e  o f  u r b a n i z a t i o n  i s  d e f in e d  as th e  p r o p o r t i o n  o f  popu­
l a t i o n  r e s i d e n t  i n  u r b a n  p l a c e s  (H auser  1 9 6 5 ) ,  B eing  p re d o m in a n t ly  
an a g r i c u l t u r a l  r e g i o n ,  t h e  d e g re e  o f  u r b a n i z a t i o n  was v e ry  low u n t i l  
1921 when 9 .8 4  p e r  c e n t  o f  t h e  P a n jab * s  p o p u l a t i o n  l i v e d  i n  u rb a n  
a r e a s .  But l a t e r  on i t  g r a d u a l l y  i n c r e a s e d  t o  t h e  maximum r a t e  o f  
2 4 .4 7  p e r  c e n t  i n  1971 ( s e e  T ab le  2 . 3 ) .  I t  shows t h a t  t h e  t r e n d  o f  
t h e  d e g re e  o f  u r b a n i z a t i o n  a l s o  c o r r e s p o n d s  w i th  t h e  r a i l w a y  d e v e lo p ­
ment o f  t h e  r e g i o n ,  where t h e  u r b a n  p o p u l a t i o n  i n c r e a s e d  a t  m odera te  
r a t e s  d u r in g  th e  r a i l w a y  deve lopm en t (1881 -1931 )  and a f t e r  t h a t  i t  
began t o  a c c e l e r a t e  i n  t h e  l a s t  f o u r  d e c ad e s  ( 1 9 3 1 - 7 1 ) .  T h is  v i s u a l  
r e l a t i o n s h i p  s u g g e s t s  th e  h y p o t h e s i s  t h a t  th e  l o c a t i o n  o f  th e  towns 
i s  r e l a t e d  t o  r a i l r o a d  e x p a n s io n ,  w h i le  t h e i r  i n c r e a s e  i n  s i z e  i s  
a s s o c i a t e d  w i th  r o a d  b u i l d i n g  i n  th e  r e g i o n .
To t e s t  t h i s  r e l a t i o n s h i p  s t a t i s t i c a l l y  i n  t h e  P a n ja b  as  a w hole 
and a t  t h e  s u b - r e g i o n a l  l e v e l s ,  t h e  growth and d e g re e  o f  u r b a n i z a t i o n  
i s  m easured  s e p a r a t e l y .  The p e r c e n ta g e s  o f  change f o r  each  s u b - r e g io n  
a r e  g iv e n  i n  T a b le  2 . 3 ,  t o  u n d e r s t a n d  t h e  r e g i o n a l  p a t t e r n s  o f  u r b a n ­
i z a t i o n  i n  te rm s  o f  th e  changes  i n  th e  p o p u l a t i o n  ( p e r c e n ta g e )  l i v i n g
Table 2.2
NUMBER OF TOWNS IN DIFFERENT CLASSES 
DURING 1881-1971
C la s s e s  o f  Towns
Year I I I I I I IV V VI
1881 1 2 5 8 25 19
1891 1 3 4 9 25 12
1901 1 3 4 9 30 16
1911 1 3 3 11 32 12
1921 2 2 6 9 35 17
1931 4 1 11 13 40 23
1941 4 4 11 26 53 21
1951 6 4 17 37 52 29
1961 7 7 26 43 69 22
1971 14 10 41 80 41 16
Key
A ( 1 s t  c l a s s ) = 1 0 0 , 000 +
B ( I l n d  c l a s s ) = 50 , 000 -  100 ,000
C ( I I T r d  c l a s s )  
D ( IV th  c l a s s )
E (V th c l a s s )
F ( V l th  c l a s s )
20 .0 0 0  -  50 ,000
10 .0 0 0  -  20 ,000
5 ,0 0 0  -  10 ,000  
Below 5 ,0 0 0
T o t a l
60
54
63
62
71
92
119
145
174
202
S o u rc e :  Census r e p o r t s  o f  th e  P a n ja b  1881-1971 .
i n  u rb a n  a r e a s .
T ab le  2 .3  s u g g e s t s  t h a t  i n  Lahore d i v i s i o n  a  r a p i d  change i n  th e  
p e r c e n ta g e  o f  u rb a n  p o p u l a t i o n  o c c u r r e d  e a r l i e r  t h a n  e l s e w h e r e .
However, t h e  s p re a d  o f  u r b a n i z a t i o n  i n  t h e  S arg o d h a  d i v i s i o n  d u r in g  
r e c e n t  d e c ad e s  was e x t r e m e ly  f a s t  and so was t h e  grow th  o f  p e rc e n ta g e  
l i v i n g  i n  u r b a n  a r e a s .  Between 1881-1931 th e  p e r c e n ta g e  o f  u rb a n  
p o p u l a t i o n  i n  Lahore i n c r e a s e d  from  1 1 ,67  t o  2 0 .0 5  p e r  c e n t  w h i l e  i n  
S argodha  i t  i n c r e a s e d  from  5 .4 4  t o  1 0 .05  p e r  c e n t .  I n  R aw alp ind i  
d i v i s i o n  grow th  was a p p ro x im a te ly  th e  same as i n  S a rg o d h a ,  On the  
o t h e r  hand  th e  towns o f  b o th  o f  th e  s o u th e r n  r e g i o n s  o f  M ultan  and 
Bahawalpur (which i n  1881 had  a lm o s t  th e  same p e r c e n ta g e  as o f  
R aw alp ind i  and S a rg o d h a  r e s p e c t i v e l y )  d id  n o t  grow a t  a l l .  But d u r in g  
th e  p e r i o d  a f t e r  1931, t h e  towns i n  Bahawalpur grew v e r y  r a p i d l y ,  and 
by 1971 th e  u r b a n  p o p u l a t i o n  was s l i g h t l y  h i g h e r  t h a n  t h a t  o f  M u ltan ,
I t  can  be co n c lu d e d  t h a t  L ahore  and Sargodha  d i v i s i o n s  have  shown a 
g r a d u a l  deve lopm en t i n  t h e i r  u r b a n  p o p u l a t io n s  th ro u g h o u t  t h e  p e r io d s  
s in c e  1881, w h ereas  th e  r e m a in in g  r e g i o n s  were e i t h e r  s t a g n a n t  o r  
d e c l i n i n g  d u r in g  th e  e a r l y  p e r i o d s  b u t  l a t e r  w h i l e  m a i n t a i n in g  t h e i r  
r e l a t i v e  p o s i t i o n s ,  showed a r a p i d  a b s o lu t e  c h a n g e .
2 S iz e  o f  th e  Towns
The p a t t e r n  o f  u rb a n  g row th  d i s c u s s e d  so f a r  i n c l u d e s  o n ly  th e  t o t a l  
u rb a n  p o p u l a t i o n  w i th o u t  c o n s id e r in g  i t s  c o m p o s i t io n  i n  te rm s  o f  th e  
s i z e  and number o f  u r b a n  c e n t r e s .  I t  g iv e s  an i n a d e q u a te  p i c t u r e  
be c au se  t h e  u rb a n  c e n t r e s  o f  th e  r e g i o n  v a ry  g r e a t l y  i n  s i z e .  To 
o b t a i n  a  t r u e  p i c t u r e ,  towns can be g rouped  i n t o  s i x  c l a s s e s  
( a c c o r d in g  t o  t h e  " i n s t a n t a n e o u s  method" o f  D avis  1968) w hich m easu res  
th e  p o p u l a t i o n  i n  a l l  u r b a n  c a t e g o r i e s  and t r a c e s  th e  changes  i n  each  
c l a s s  w i t h o u t  t a k i n g  i n t o  c o n s i d e r a t i o n  th e  i n d i v i d u a l  c i t i e s  t h a t  make 
a c l a s s .
To s tu d y  th e  p o p u l a t i o n  c h a r a c t e r i s t i c s ,  a s y m m e tr ic a l  d i s t r i b u t i o n  
o f  t h e  towns i n t o  t h e  s i x  c l a s s e s  h a s  been p r e s e n t e d  i n  T ab le  2 . 2 .  
T hroughout i t  i s  o b s e rv e d  t h a t  l a r g e  s i z e  towns a r e  few er  i n  number 
as  compared t o  s m a l l  and medium s i z e  to w ns . U n t i l  1911, t h e r e  was o n ly  
one C la s s  I  town (L a h o re )  b u t  i n  th e  f o l l o w in g  decade  R aw alp ind i
Table 2.3
URBAN POPULATION AS PERCENTAGE OF TOTAL POPULATION 
IN THE PANJAB AND ITS DIVISIONS
Y ear P a n jab R aw alp ind i Sargodha Lahore M ultan Bahawali
1881 9 .38 8 .15 5 .4 4 1 1 .67 8 .4 0 5 .3 5
1891 9 .12 7 .53 9 .58 1 1 .61 8 .13 5 .5 4
1901 9 .16 8 .3 4 7.26 1 1 .81 8 .63 5 .8 4
1911 9 .17 8.36 6 .63 1 3 .45 8 .3 2 4 .7 5
1921 9 .8 4 9 .3 8 8.26 14 .66 7 .4 4 3 .9 6
1931 1 2 .1 7 10 .31 10 .05 20 .05 8 .7 0 4 .3 9
1941 1 4 .71 12 .55 11 .15 25 .5 9 1 0 .2 0 8 .67
1951 17 .22 15 .4 7 14 .56 2 8 .6 4 1 1 .7 9 9 .8 0
1961 2 1 .3 0 1 8 .9 0 19 .6 2 33 .93 1 4 .9 3 1 3 .61
1971 2 4 .47 2 3 .68 23 .06 3 7 .1 4 1 6 .1 0 16 .83
S o u rc e :  Census r e p o r t s  1881-1971
im proved  t h e  s t a t u s  and was added i n  t h i s  c l a s s .  I n  1931 , w i th  th e  
a d d i t i o n  o f  M ultan  and S i a l k o t  t h e  number o f  towns i n  t h i s  c l a s s  r o s e  
t o  f o u r  and f i n a l l y  t h i s  s h o t  up t o  14 i n  1971, w i th  a maximum i n c r e a s e  
d u r in g  1 9 6 1 -7 1 .  Wide v a r i a t i o n s  i n  t h e  numbers o f  s m a l l  and medium 
towns ( e s p e c i a l l y  i n  V and VI C l a s s e s )  a re  n o t i c e d  from  c e n su s  t o  
c e n s u s ,  w hich  i s  due t o  t h e  p ro m o tio n  o f  towns from  lo w e r  t o  h i g h e r  
c l a s s e s ,  as  a  r e s u l t  o f  p o p u l a t i o n  i n c r e a s e .  The C la s s e s  I ,  I I I  and 
IV rem a in e d  a lm o s t  s t a t i c  u n t i l  1921 b u t  th e  f o l l o w i n g  decades  
( p a r t i c u l a r l y  1961 -71 )  w i t n e s s e d  a r a p i d  ch an g e .
Looking  a t  t h e  p r o p o r t i o n  o f  p o p u l a t i o n  w hich  h a s  been  accommodated 
i n  th e  d i f f e r e n t  c l a s s e s  s in c e  1881 , F ig u re  2 . 1 a  s u g g e s t s  t h a t  i n  1881 , 
abou t  one q u a r t e r  o f  t h e  u rb a n  p o p u l a t i o n  was accommodated i n  C la s s  V 
towns w hich  g r a d u a l l y  d e c r e a s e d  t o  3 .4 8  p e r  c e n t  i n  1971 . I n  th e  
f o l l o w in g  decade  (1891)  t h e  h i g h e s t  p r o p o r t i o n  s h i f t e d  t o  C la s s  I I  
and re m a in e d  u n t i l  t h e  a d d i t i o n  o f  R aw alp ind i  as C la s s  I  c i t y  (1921) 
when th e  l a r g e s t  s h a r e  o f  p o p u l a t i o n  was found  i n  C la s s  I  to w ns . The 
f i g u r e  b r i n g s  o u t  t h e  i n c r e a s i n g l y  im p o r ta n t  r o l e  o f  t h i s  C la s s  ( I )  
w hich i n  1881 a c c o u n te d  f o r  o n ly  1 9 .5 4  p e r  c e n t  o f  t h e  t o t a l  u rb a n  
p o p u l a t i o n  w h i le  i n  1971 i t  was r e s p o n s i b l e  f o r  6 2 .0 8  p e r  c e n t  o f  t h e  
t o t a l  u r b a n  p o p u l a t i o n ,  h a v in g  3 ,7 1 5  p e r  c e n t  more p e o p le  i n  1971 
th a n  i n  1 881 . As w i th  th e  a d d i t i o n  o f  more and more p e o p le ,  towns 
grow and change t h e i r  c l a s s  -  some i n c r e a s e  i n  t h e  h i g h e s t  C la s s  I  
seems i n e v i t a b l e  ( s e e  F ig u re  2 . 1 a ) .
A sudden  change i n  t h e  p r o p o r t i o n  o f  th e  p o p u l a t i o n  i n  C la s s  I 
towns a l s o  to o k  p l a c e  d u r in g  1 9 2 1 -3 1 ,  when t h i s  p r o p o r t i o n  r o s e  to  
45 .5 7  p e r  c e n t  i n  1931 from  3 3 .1 0  p e r  c e n t  i n  1921 . T h is  o c c u r r e d  
b e c au se  o f  t h e  u p g r a d in g  o f  M ultan  and S i a l k o t ,  w hich a t  t h e  same t im e  
was r e s p o n s i b l e  f o r  a  s i g n i f i c a n t  d e c l i n e  i n  t h e  p r o p o r t i o n  o f  C la s s  I I  
towns ( f ro m  13 .43  p e r  c e n t  i n  1921 t o  3 ,4 8  p e r  c e n t  i n  1 9 3 1 ) .  On th e  
b a s i s  o f  th e  above t r e n d s  i t  can  be c o n c lu d ed  t h a t  t h e  u r b a n  complex 
o f  th e  r e g i o n  h a s  been  i n c r e a s i n g l y  dom ina ted  by l a r g e  c e n t r e s ,  w i th  
s m a l l  c e n t r e s  grow ing  more s lo w ly .  A l l  th e  c l a s s e s  show wide c o n t r a s t s  
i n  t h e i r  t r e n d s  th ro u g h  t im e  r e c o r d i n g  t h e i r  h i g h e s t  p r o p o r t i o n a t e  
g row th  i n  d i f f e r e n t  d e c a d e s .  I t  can  be f u r t h e r  c l a s s i f i e d  by Table  2 .5  
w hich p r o v id e s  some i n t e r e s t i n g  c o n t r a s t s  i n  t h e  c l a s s w i s e  p e rc e n ta g e  
v a r i a t i o n  o f  u rb a n  p o p u l a t i o n  s in c e  1881. I t  i s  e v id e n t  t h a t  th e  
h i g h e s t  r a t e  o f  u r b a n  g row th  f o r  C la s s  I  and I I I  towns ( i e ,  100 .7  per-
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c e n t  and 1 2 5 .3  p e r  c e n t  r e s p e c t i v e l y )  was i n  t h e  decade  1 9 2 1 -3 1 .
The f o l l o w i n g  decade  (1 9 3 1 -4 1 )  w i t n e s s e d  a h i g h e r  g row th  r a t e  f o r  th e  
towns o f  C l a s s e s  I I  and IV ( i e . ,  3 37 ,3  p e r  c e n t  and 1 1 ,4  p e r  c e n t  
r e s p e c t i v e l y ) .  T h is  h i g h e s t  and u n u s u a l  grow th r a t e  was due t o  th e  
r e - c l a s s i f i c a t i o n  o f  t h e  towns w hich  can  a l s o  be c o n f i rm e d  by th e  
d e c re a s e  o f  C la s s  I I I  d u r in g  th e  same d e c ad e .  The h i g h e r  i n c r e a s e  o f  
C la s s  IV ( 1 1 1 ,4  p e r  c e n t )  i s  due t o  t h e  a d d i t i o n  o f  to w n s ,  m a in ly  i n  
Lahore d i v i s i o n .  S i m i l a r l y  th e  h i g h e r  i n c r e a s e  o f  s m a l l e r  C la s s e s  
(V and V I)  can  be se en  d u r in g  th e  d e c ad e s  o f  1951-61 and 1941-51 
r e s p e c t i v e l y  ( s e e  T a b le  2 , 5 ) ,  A l l  t h i s  t h a t  t h e  p r o p o r t i o n
o f  p e o p le  l i v i n g  i n  d i f f e r e n t  c l a s s e s  o f  towns h a s  f l u c t u a t e d  from  
one decade  t o  a n o th e r .  S i m i l a r l y  t h e  i n c r e a s i n g  t r e n d  to w a rd s  h i g h e r  
c l a s s e s  shows t h a t  t h e  p o p u l a t i o n  te n d s  t o  c o n c e n t r a t e  i n  t h e  b ig g e r  
u rb a n  u n i t s ,
2 .5  Tempo o f  U r b a n i z a t i o n
To compare t h e  tempo o f  u r b a n i z a t i o n  i n  th e  r e g i o n ,  th e  u rb a n  
p o p u l a t i o n  h a s  been d i v id e d  i n t o  s m a l l  ( p o p u la t i o n  below 2 0 , 000 ) and 
l a r g e  (2 0 ,0 0 0  +) tow ns . The p o p u l a t i o n  o f  l a r g e  towns i n c r e a s e d  by
6 6 .5  p e r  c e n t  d u r in g  1951-61 w h i le  i t  i n c r e a s e d  by 80 .6 5  p e r  c e n t  d u r in g  
196 1 -7 1 ,  On th e  o t h e r  hand  th e  p o p u l a t i o n  o f  s m a l l e r  towns i n c r e a s e d
by 19 .96  p e r  c e n t  and 25 ,66  p e r  c e n t  d u r in g  th e  d e c ad e s  o f  1951-61 and 
1961-71 r e s p e c t i v e l y .  I t  shows an i n c r e a s i n g  tempo o f  u r b a n i z a t i o n  
f o r  b o th  ty p e s  o f  tow ns, b u t  i t  i s  c o m p a r a t iv e ly  f a s t e r  f o r  th e  l a r g e r  
tow ns . The t a b l e  g i v e s  e v id e n c e  o f  a  s low ing  down o f  th e  tempo o f  th e  
u r b a n i z a t i o n  o f  s m a l l e r  towns d u r in g  1961-71 com pared t o  t h e  e a r l i e r  
de c ad e s  o f  1931-41  and 194 1 -5 1 .  I t  __ t h a t  d u r in g
e a r l i e r  d e c a d e s  th e  i n c r e a s e  o f  p o p u l a t i o n  i n  s m a l l e r  and l a r g e r  towns 
was h i g h e r  and low er  r e s p e c t i v e l y  t h a n  th e  l a s t  d e c a d e s .
T h is  c o n t r a s t  i n  th e  growth o f  s m a l l e r  and l a r g e r  s i z e  towns r a i s e s  
a number o f  q u e s t i o n s  r e g a r d i n g  t h e i r  l i n k  w i th  t h e  t r a n s p o r t  f a c i l i t i e s  
o f  t h e  r e g i o n .  B e fo re  making an a t t e m p t  t o  u n d e r s t a n d  th e  r e l a t i o n s h i p  
betw een  th e  d e g re e  o f  change and a c c e s s i b i l i t y  ( a b s o l u t e l y  and i n d i v i d ­
u a l l y )  i t  i s  im p o r ta n t  t o  lo o k  a t  r e g i o n a l  c h a n g es  o f  p o p u l a t i o n  be tw een  
1931 and 1971 , w i th  p a r t i c u l a r  em phasis  on p o p u l a t i o n  o f  t h e  towns on 
th e  r a i l w a y  i n  1931.
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Table 2.5
DISTRIBUTION OF URBAN POPULATION AND 
ITS DECENNIAL PERCENTAGE VARIATION 
BY CLASSES OF TOWN SIZE 1881-1971
Year I I I I I IV V
VI
A B A B A B A B A B A B
1881 149 - 122 - 134 - 122 - 173 - 65 -
1891 177 19 203 66 98 -27 133 9 177 2 43 -3 4
1901 203 15 233 15 99 1 141 6 213 2 55 28
1911 229 13 251 8 80 -19 174 23 231 8 43 -22
1921 383 67 155 -38 142 77 171 -2 243 5 63 47
1931 769 101 59 -62 320 125 167 -2 287 18 86 36
1941 1138 48 258 337 338 6 353 111 367 28 72 -16
1951 1744 53 265 3 538 59 505 43 392 7 109 51
1961 2910 67 510 92 822 53 606 20 520 33 81 -26
1971 5699 96 655 28 1308 59 1141 88 320 -38 56 -31
A = T o t a l  u r b a n  p o p u l a t i o n  ( 000 ) 
B = P e r c e n ta g e  v a r i a t i o n
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I t  i s  g e n e r a l l y  b e l i e v e d  t h a t  b i g g e r  u rb a n  c o n c e n t r a t i o n s  a r e  more 
r e l e v a n t  as  t h e s e  a r e  g row ing  f a s t e r  th a n  s m a l l e r  o n e s .  The s t a t i s t i c s  
show t h a t  th e  p r o p o r t i o n  o f  l a r g e  to w n s ' p o p u l a t i o n  t o  t o t a l  u rb a n  
p o p u l a t i o n  h a s  r i s e n  t o  83 ,5  p e r  c e n t  i n  1971 from  6 8 ,0  p e r  c e n t  i n  
1931 and th e  p e r c e n ta g e  o f  l a r g e  to w n s ' p o p u l a t i o n  t o  t o t a l  p o p u l a t i o n  
i e . ,  th e  d e g re e  o f  e f f e c t i v e  u r b a n i z a t i o n  h a s  s h o t  up from  8 .3  p e r  
c e n t  t o  2 0 ,4  p e r  c e n t  i n  th e  same p e r i o d  ( s e e  T ab le  2 , 4 a ) .  As s u c h ,
th e  r a t e  o f  g row th  o f  s m a l l  to w n s ' p o p u l a t i o n  h a s  been  f a r  s h o r t  o f
th e  r a t e  o f  i n c r e a s e  i n  t o t a l  p o p u l a t i o n  and a l s o  th e  l a r g e  to w n s ' 
p o p u l a t i o n .  Both th e  number and s i z e s  o f  t h e s e  towns have  been  i n c r e a s e d .  
S i m i l a r l y ,  t h e  t o t a l  i n c r e a s e  d u r in g  th e  p e r io d  (1 9 3 1 -7 1 )  i n  t h e  popu­
l a t i o n  o f  l a r g e  towns (5 6 7 ,6  p e r  c e n t )  i s  much h i g h e r  th a n  th e  s m a l l
to w n s ' p o p u l a t i o n  ( 1 8 0 .5  p e r  c e n t ) .
2 .6  P a t t e r n s  o f  U rban  Growth
T h is  s e c t i o n  exam ines t h e  grow th  o f  u rb a n  p o p u l a t i o n  o f  th e  r e g i o n  
from  1931 ( t h e  f i n a l  s t a g e  o f  t h e  r a i l w a y  c o n s t r u c t i o n )  t o  1971. T h is  
p e r i o d  w i t n e s s e d  a r a p i d  change i n  u rb a n  p o p u l a t i o n  (444  p e r  c e n t ) ,  
w hich i s  h i g h e r  t h a n  th e  changes  o f  t o t a l  p o p u l a t i o n  (1 7 0 .3  p e r  c e n t )  
and r u r a l  p o p u l a t i o n  (1 3 2 .4 6  p e r  c e n t ) .  I t  w i l l  be o b s e rv e d  from Table
2 .6  t h a t  t h e  g row th  o f  u r b a n  p o p u l a t i o n  i s  a l s o  h i g h e r  i n  th e  su b -  
r e g i o n s .  S i m i l a r l y ,  th e  number o f  towns i n c r e a s e d  from  92 (1931) t o  
202 ( i n  1971) w i th  an i n c r e a s e  o f  120 p e r  c e n t .  The a c t u a l  i n c r e a s e
i n  number o f  towns i s  h i g h e r  i n  L ahore  (30 )  and S a rg o d h a  (2 2 )  d i v i s i o n s  
w h ereas  t h e  p e rc e n ta g e  i n c r e a s e  i n  Bahawalpur (500 p e r  c e n t )  i s  
e x c e p t i o n a l l y  h ig h  due t o  t h e  r e c e n t  d e ve lopm en t.
The C la s s w is e  changes  o f  t h e  u r b a n  c e n t r e s  show a r e d u c t i o n  i n  th e  
number o f  towns i n  u r b a n  C la s s  V I, w hereas  th e  h i g h e s t  i n c r e a s e  can  be 
s e e n  i n  C la s s  IV ( 6 7 ) .  Here t h e  i n t e r  r e g i o n  v a r i a t i o n s  a re  a l s o  
i n t e r e s t i n g .  The maximum i n c r e a s e  i n  number o f  towns can  be seen  i n  
L ahore  fo l lo w e d  by S argodha  d i v i s i o n .  The new towns a r e  l a r g e ,  
e s p e c i a l l y  i n  L ahore  and S a rg o d h a .
I t  may t e n t a t i v e l y  be s u g g e s te d  t h a t  d u r in g  th e  p e r i o d  each  decade 
r e c o r d e d  a h ig h  d e g re e  o f  i n c r e a s e  be c au se  o f  e f f e c t i v e  m easu res  t a k e n  
t o  c o n t r o l  e p id e m ic s  and a l s o  by s t i m u l a t i n g  th e  g row th  o f  m arke t  towns
Table 2.6
CLASSWISE INCREASE (1 931 -71 )  o f :
( a )  URBAN CENTRES,
( b )  URBAN POPULATION (IN THOUSANDS), AT 
REGIONAL AND SUB-REGIONAL LEVELS.
S iz e
C la s s e s
P a n ja b Rawal­
p i n d i
S a r ­
godha
Lahore M ultan Bahawal­
pu r
a b a b a b a b a b a b
I 10 4930 2 705 3 1159 2 2301 2 631 1 134
I I 9 596 1 70 2 121 2 135 3 196 1 74
I I I 30 988 5 148 7 247 4 95 9 260 5 237
IV 67 974 11 168 18 258 22 321 12 173 4 54
V 1 33 -3 -27 -3  -3 0 10 2 12 5 41
VI -7 -2 9 1 2 - 5  -20 0 -1 - 7  -26 4 14
T o ta l 110 7491 17 :L066 22 1762 30 2861 21 1246 20 554
Average 68 .1 62 .7 80 .1 95 .36 59 .33 2 7 .7
% i n c r e a s e  
i n  towns 1 2 0 .0 100 .0 78.6 142 .8 9 5 .5 5 0 0 .0
% i n c r e a s e
i n  p o p u l a t i o n  
( t o t a l )
170 .3 111 .4 1 9 3 .0 153 .0 1 9 0 .7 2 60 .7
% i n c r e a s e
i n  u rb a n  
p o p u l a t i o n
443 .5 384 .8 5 7 2 .4 368 .0 4 3 7 .2 1290 .7
% i n c r e a s e
i n  r u r a l 132 .5 80 .0 150 .6 98 .9 1 6 7 .1 2 1 3 .7
p o p u l a t i o n
Average i n c r e a s e d  p o p u l a t i o n  (000)  p e r  i n c r e a s e d  town
S o u rc e :  Computed from  th e  C ensuses  o f  1931, 1971 .
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by th e  c a sh  c ro p s  o f  i r r i g a t e d  a r e a s .  A p a r t  from  t h a t  n o t  o n ly  h a s  t h e  
ne tw ork  o f  r o a d s  been  made f a r  d e n s e r  b u t  a l s o  t h e  r e g i o n a l  d i s p a r i t i e s  
i n  th e  deve lopm en t o f  t r a n s p o r t  have  been  g r e a t l y  r e d u c e d  which 
r e s u l t e d  i n  t h e  grow th o f  a  number o f  towns a lo n g  l i n e s  i n  t h e  form o f  
c o l l e c t i n g  and d i s t r i b u t i n g  c e n t r e s  a lo n g  w i th  a d m i n i s t r a t i v e ,  
c u l t u r a l  and so c io -e c o n o m ic  f u n c t i o n s .  S i m i l a r l y  n o t  o n ly  d id  th e  
v a r i o u s  r e g i o n s  e x p e r i e n c e  trem endous d i f f e r e n c e s  i n  u r b a n  growth d u r in g  
each  decade b u t  a l s o  t h e r e  were s i g n i f i c a n t  r e g i o n a l  s h i f t s  i n  th e  
p a t t e r n s  o f  u r b a n  g ro w th ,
2 ,7  I n t e r  D i s t r i c t  D i f f e r e n t i a l s
The a n n u a l  grow th  r a t e s  o f  d i s t r i c t s  d u r in g  1931-71 v a r i e d  from 
9 ,61  (Rahim Yar Khan) i n  a newly s e t t l e d  d i s t r i c t  t o  2 .0 8  (D era  Ghazi 
K han), Out o f  a t o t a l  o f  19 , s i x  d i s t r i c t s  showed grow th r a t e  h i g h e r  
th a n  f i v e  p e r  c e n t ,  w he reas  seven  a r e  w i th  l e s s  th a n  f o u r  p e r  c e n t .  I t  
s u g g e s t s  though  u r b a n i z a t i o n  has  p ic k e d  up sp e ed  i n  th e  r e g i o n  d u r in g  
th e  40 y e a r s ,  t h e r e  a r e  n e v e r t h e l e s s  l a r g e  i n t e r  d i s t r i c t  d i f f e r e n t i a l s  
i n  th e  a n n u a l  r a t e  o f  u rb a n  g ro w th .  The c o - e f f i c i e n t  o f  r a n k  c o r r e ­
l a t i o n  be tw een  th e  r a t e s  o f  u rb a n  grow th  s in c e  1951 and 1961 comes o u t  
t o  be low , i n d i c a t i n g  no c o n s i s t e n c y  i n  t h e  p a t t e r n .  The h i g h e r  r a t e s  
i n  t h e  newly s e t t l e d  r e g i o n s  o f  Rahim Yar Khan and Bahawal Nagar 
( d u r in g  1931 -7 1 )  g iv e  a m is l e a d in g  p i c t u r e  b e c au se  o f  v e r y  low u rb a n  
p o p u l a t i o n  i n  1931 ,
K eeping  i n  mind th e  u rb a n  p o p u l a t i o n  o f  th e  d i s t r i c t s  p r i o r  t o  1931 
and 1881, F ig u re  2 ,1 b  g iv e s  th e  d i s t r i c t  l e v e l  u r b a n  p o p u l a t i o n  change 
b a sed  on 1931 , I t  g iv e s  a c t u a l  ( p o p u l a t i o n )  a s  w e l l  a s  p e r  c e n t  changes  
f o r  b o th  p e r i o d s  (1 8 8 1 -1 9 3 1 ,  1931-1971)  on th e  b a s i s  o f  1971 (100 p e r  
c e n t ) .  The h i g h e r  a c t u a l  changes  d u r in g  1931-71 can  be s e e n  i n  th e  
d i s t r i c t s  w i t h  th e  m ajo r  c i t i e s  o f  L a h o re ,  L y a l l p u r ,  M ultan  and Rawal­
p i n d i ,  w h e re as  th e  g roup  showing an i n c r e a s e  o f  l e s s  th a n  100 ,000  
p e o p le  d u r in g  th e  p e r i o d  1931-71 i n c l u d e s  th e  o l d ,  s e t t l e d  d i s t r i c t s  
o f  M u z a f f a r g a rh ,  Dera Ghazi Khan and C am pbelpur. These  had  a h ig h  
p r o p o r t i o n  o f  u rb a n  p o p u l a t i o n  b e f o r e  1881 (17 p e r  c e n t ,  28 p e r  c e n t  
and 23 p e r  c e n t  r e s p e c t i v e l y ) .  Jhe lum  which had  a h i g h e r  p r o p o r t i o n  
o f  i t s  p o p u l a t i o n  (28 p e r  c e n t )  s e t t l e d  b e f o r e  1881 r e m a in e d  a lm os t  
s t a t i c  d u r in g  1881-1931 and showed an i n c r e a s e  i n  more t h a n  100 ,000
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towns d u r in g  1931-71 ( s e e  F ig u re  2 .1 b )*  The d i s t r i c t s  w i th  minimum 
o ld  u rb a n  p o p u l a t i o n  ( s e t t l e d  b e f o r e  1881) a re  Bahawal N ag a r ,  Rahim Yar 
Khan, S h e ik h u p u ra .a n d  S a h iw a l ,  w hich have showed a h i g h e r  i n c r e a s e  i n  
a c t u a l  p o p u l a t i o n  d u r in g  1 9 3 1 -7 1 .  The d i s t r i c t s  w i th  c o n s i d e r a b l e  
a c t u a l  change d u r in g  1881-1931 a re  L a h o re ,  L y a l lp u r  and S i a l k o t .
F i n a l l y  i t  s u g g e s t s  t h a t  no d i s t r i c t  h o ld s  a p r o p o r t i o n  o f  changed  
p o p u l a t i o n  l e s s  th a n  50 p e r  c e n t  d u r in g  1931 -71 , T h is  r a p i d  growth o f  
u r b a n  p o p u l a t i o n  can  no d o u b t  be a t t r i b u t e d  t o  an  i n c r e a s i n g  r a t e  o f  
n a t u r a l  g row th  and r u r a l  u rb a n  m ig r a t i o n s  s t i m u l a t e d  by im p ro v in g  th e  
economy and m u l t i p l y i n g  t h e  f u n c t i o n s  o f  tow ns . I n  e a r l i e r  s t u d i e s  
t h e s e  ch an g es  have  been  m a in ly  r e l a t e d  w i th  t h e  i r r i g a t i o n  and a g r i ­
c u l t u r a l  deve lopm en t (M a lik  1963 and Hamid 1971) and v e ry  l i t t l e  
a t t e n t i o n  h a s  been  p a id  to w ard s  t r a n s p o r t a t i o n  d e v e lo p m en t .  I n  t h i s  
c h a p t e r  th e  f o c u s  i s  t o  d e te rm in e  th e  d e g re e  t o  w hich  p a r t i c u l a r  ty p e s  
o f  u rb a n  d e v e lopm en ts  w ere  a s s o c i a t e d  s p e c i a l l y  w i th  v a r i o u s  k in d s  and 
l e v e l s  o f  a c h ie v e d  a c c e s s i b i l i t y .
The o b s e rv e d  r e g i o n a l  c o n t r a s t s  o f  u rb a n  p o p u l a t i o n  change r e f l e c t  
s i m i l a r  v a r i a t i o n s  i n  th e  change o f  u rb a n  c e n t r e s .  I t  f u r t h e r  
s u g g e s t s  t h a t  t h e  fram ew ork o f  t r a n s p o r t  l i n e s  w i th  w hich  t h e s e  c e n t r e s  
a r e  l i n k e d ,  have  v a r i e d  g r e a t l y  i n  t h e i r  e x i s t e n c e  c a p a c i t i e s  and 
f r e q u e n c y ,  th ro u g h  t im e .  These  changes  f o r  i n d i v i d u a l  towns need  to  
be r e c o r d e d  th ro u g h  d e c a d e s ;  t h i s  h a s  been a t t e m p te d  i n  th e  f o l l o w in g  
s e c t i o n .
2 .8  Growth o f  U rban  C e n t r e s
I n  th e  p r e c e d in g  s e c t i o n  an a t t e m p t  h as  been made t o  lo o k  a t  th e  
o v e r a l l  t r e n d s  o f  u r b a n i z a t i o n  s in c e  th e  f i r s t  c e n su s  o f  1881. A lthough  
t h i s  t r e n d  a p p e a r s  t o  be u n i fo r m ,  i n  te rm s o f  t h e  p o p u l a t i o n  o f  i n d i v  -  
i d u a l  towns c o n s id e r a b l e  c o n t r a s t s  can  be e x p e c te d  b e c a u se  some o f  
t h e s e  towns have  grown w h i le  o t h e r s  have  d e c l i n e d ,  and a number o f  
them have  been  c r e a t e d  from  new. On th e  b a s i s  o f  c e n s u s  d a t a  such 
changes  c an  be i d e n t i f i e d  by m ea su r in g  th e  d e cad ew ise  grow th r a t e s  
o f  i n d i v i d u a l  to w ns . I t  w i l l  be u s e f u l  t o  i d e n t i f y  f e a t u r e s  a s s o c i a t e d  
w i th  d i f f e r e n t  t r e n d  r a t e s  o f  g ro w th ,  w i th  a  v iew  t o  p r o v id e  p a ra m e te r s  
f o r  a p o l i c y  o f  g u id ed  u r b a n i z a t i o n .
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The d i r e c t  e s t i m a t e s  o f  th e  g row th  a re  m is l e a d in g  b e c a u se  o f  th e  
r e l a t i o n s h i p  be tw een  th e  s i z e  o f  a town and th e  e x p e c te d  v a r i a n c e  o f  
i t s  grow th r a t e .  The s c a t t e r  o f  g row th  r a t e s  i s  v e r y  w ide f o r  sm a l l  
p l a c e s  and r e l a t i v e l y  n a rro w  f o r  l a r g e  p l a c e s .  To t a k e  a c c o u n t  o f  
t h e s e  d i f f e r e n c e s ,  Robson (1973 )  s u g g e s t s  a s t a n d a r d i s e d  m easure  o f  
*Z* s c o r e s  o r ' s t a n d a r d  s c o re s *  w hich  e x p re s s  th e  g row th  r a t e  o f  each  
town as a d e v i a t i o n  from  th e  a v e ra g e  grow th r a t e  o f  t h e  s i z e  group  to  
w hich i t  b e l o n g e d  i n  any d e c a d e .
A d e cad ew ise  p a t t e r n  o f  grow th d u r in g  th e  p e r i o d  1881-1971 i s  
p r e s e n t e d  by a s e r i e s  o f  maps, where th e  p l a c e s  have  been  i d e n t i f i e d  
a c c o r d in g  t o  t h e i r  g row th  r a t e s  above o r  below one s t a n d a r d  d e v i a t i o n  
from  th e  mean o f  t h e i r  a p p r o p r i a t e  s i z e  g roups  a r e  d i s t i n g u i s h e d  from 
towns w hich  grew o r  d e c l i n e d  by l e s s  th a n  t h i s .
For t h i s  p u rp o se  th e  s tu d y  i s  l i m i t e d  t o  towns w i th  p o p u l a t i o n
5 ,0 0 0  + o f  t h e  w hole o f  th e  P a n jab  i n  1971 ( e x c e p t  f o r  d e c l i n i n g  
tow ns) o n ly .  W ith in  each  decade  t h e i r  r e l a t i v e  grow th  i s  d i s t i n g u i s h e d  
f rom : ( i )  t h e  grow th  o f  th e  o t h e r  towns i n  t h e i r  s i z e  g ro u p s  ( I  to  V I ) ;  
( i i )  a l l  towns ( i r r e s p e c t i v e  o f  t h e i r  s i z e ) .
I t  i s  m easu red  on th e  b a s i s  o f  b o th  p e rc e n ta g e  and a c t u a l  v a r i a t i o n s .
To i d e n t i f y  t h e  e f f e c t  o f  t h e  grow th  o f  th e  m ajo r  c i t i e s  on th e  
s m a l l e r  o n e s ,  th e  grow th  r a t e s  have  a l s o  been com puted by e x c lu d in g  
them (m a jo r  c i t i e s )  from  th e  a n a l y s i s .  The r e l a t i v e  g row th  r a t e s  o f  
t h e  towns b a s e d  on *Z* s c o r e s  can  be d i v id e d  i n t o  t h e  s i x  g roups  
(A -  F) and a r e  p r e s e n t e d  i n  F ig u r e s  2 .4 1  -  2 . 4 5 ,
The e x a m in a t io n  o f  th e  maps s u g g e s t s  a  p ro m in e n t  p a t t e r n  o f  growth 
w hich d i f f e r e n t i a t e s  one decade  from  a n o th e r .  For  t h i s  p u rp o se  th e  
p e r i o d  o f  r e l a t i v e  grow th  r a t e s  f o r  i n d i v i d u a l  towns th ro u g h  which th e  
sy s tem  had  e v o lv e d  t o  r e a c h  i t s  p r e s e n t  c o n d i t i o n s ,  can  be d iv id e d  
i n t o  th e  f o l l o w i n g  t h r e e  s t a g e s  o f  30 y e a r s  e a c h :
i  1881-1911
i i  1911-1941
i i i  1941-1971
A + >  2 .0 0 D -  0 t o  0 .9 9
E -  1 .0 0  t o  1 .9 9  
F >  2 .0 0
B + 1 .0 0  t o  1 .9 9  
C + 0 t o  0 .9 9
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KEY TO TOWN CODES 1972
1 Rawal P in d i  * 52 J a u h a r  Abad
2 Wah C a n t t . 53 Nurpur
3 M urree 54 Quaid Abad
4 K ahuta 55 S a k e s a r
5 G u ja r  Khan 56 N aushehra
6 Campbelpur * 57 M ianw ali *
7 Hasan Abdal 58 Daud Khel
8 H azro 59 Moch
9 Wah Cement Works 60 Musa Khel
10 G u rg h a s h t i 61 Kundi an
11 F a te h  Ja n g 62 L i a q a t  Abad
12 P in d i  Gheb 63 P ip la n
13 Khaur 64 I s a  Khel
14 T a la  Gang 65 K a la  Bagh
15 Jhe lum  * 66 Bhakkar
16 Dina 67 Darya Khan
17 K harakha 68 K a lu r  Kot
18 Mangla C a n t t . 69 Jhang  *
19 Chakwal 70 C h in io t
20 Bhaun 71 Rabwah
21 P ind  Dadan Khan 72 L a l i a n
22 Khewra 73 S h o rk o t
23 L i l i a 74 Ahmad Pur S i a l
24 G u j r a t  * 75 Garh M ahara ja
25 J a l a l  Pur J a t t a n 76 L y a l lp u r  ( F a i s a l  Abad)
26 Kunjah 77 Chak Jhum ra
27 Mangowal 78 J a ra n w a la
28 K h a r ia n 79 Samundri
29 Lalam usa 80 T a n d l ia n w a la
30 Dingah 81 Toba Tek S ingh
31 S a r a i  A lam gir 82 K am alia
32 P h a l i a 83 G o jra
33 Malakwal 84 P i r  Mahal
34 Mandi B aha-ud-D in 85 Lahore *
35 S argodha  * 86 Raiwind
36 S i l l a n w a l i 87 Kahna Nau
37 Bhalwal 88 Padhana
38 Bhera 89 Dogri K alan
39 M iani 90 K asur
40 Phularw an 91 L u l l i a n i
41 Kot Momin 92 Khudi an
42 L i l l i a n i 93 Kot Radha K ish  an
43 Shah Pur  S a d a r 94 R a ja  Jang
44 S ah iw al 95 Chunian
45 J h a w a r ia n 96 P a t t o k i
46 Shan Pur  C i ty 97 Bhai Pheru
47 Faruka 98 Kangan Pur
48 K a l r a 99 Wan Radha Ram
49 Khushab 100 S i a l k o t  *
50 H a d a l i 101 P a s r u r
51 M itha  Tiwana 102 Chawindah
* District Headquarters (1971)
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103 K a la sw a la 153 Okara
104 Narowal 154 R e n a la  Khurd
105 Badd M alhi 155 P e p a lp u r
106 Q i l l a  Sobha S ingh 156 H a v a i l i
107 Z a fa rw a l 157 B a s i rp u r
108 S h ak a r  Garh 158 H u jra
109 Daska 159 P a k p a t t a n
110 S a m b ria l 160 A r i fw a la
111 Begowal 161 Mu z a f  f  a r  g a rh  *
112 B hopalw ala 162 Khangarh
113 Jamke 163 L ieah
114 G u jran w a la  * 164 K ehro r
115 Kamoke 165 Kotaddu
116 Q i l l a  D id a r  S ingh 166 D a ira  Din Panah
117 Eminabad 167 A l ip u r
118 W azirabad 168 J a t o i
119 Gakhar 169 S h ah a r  S u l t a n
120 Akal Garh 170 Dera Ghazi Khan
121 Ram N agar 171 Kot C huta
122 H a f iz a b a d 172 Taunsa S h a r i f
123 P i n d i  B h a t ia n 173 Vehowa
124 S h e ik h u p u ra  * 174 Jampur
125 Chuharkana 175 D a ja l
126 Khangah Dogran 176 R ajan  P u r
127 S a n g la  H i l l 177 Kot M ithan
128 Dhaban S ingh 178 Rojhan
129 Shah Kot 179 Bahawal P u r  *
130 Mananwala 180 Sam asa ta
131 M uridke 181 Yazman
132 Narang Mandi 182 H a s i l  Pur
133 S h a raq  Pur 183 K h a ir  P u r  Tamewali
134 Nankana S a h ib 184 Ahmad Pur E a s t
135 W arburton 185 Uch S h a r i f
136 M ultan  * 186 Bahawal N agar *
137 S h u ja  Abad 187 Donga Bonga
138 J a l a l p u r  P i r w a la 188 M inch inabad
139 K ab irw a la - 189 Mandi S a d iq g a n j
140 Abdul Hakeem 190 C h i s h t i a n  Mandi
141 Khanewal 191 F o r t  Abbas
142 Mian Channoo 192 H aroonabad
143 J a h a n i a 193 Rahim Y ar Khan *
144 Tulambah 194 Kot Samaba
145 V e h a r i 195 'T r in d a  Sawai
146 B urew ala 196 L i a q a t  P u r
147 M a i l s i 197 A lla h  Abad
148 Lodhran 198 Khan P u r
149 K ehro r  Pakka 199 C hachran
150 Dunyapur 200 S ad iq ab ad
151 S a h iw a l  * 201 Ahmad P u r  L amnia
152 C h ichaw a tn i 202 S a n j a r  P u r
* District Headquarters (1971)
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a .  1881-1911
T h is  was an e r a  o f  much r a i l w a y  c o n s t r u c t i o n  d u r in g  w hich  th e  b a s i c  
n e t  o f  th e  r e g i o n  was c o m p le te d .  T h is  p e r i o d  a l s o  saw th e  b e g in n in g  
o f  change t h a t  b r o u g h t  th e  r e g i o n  from  m ed ieva l  t im e s  t o  modern w i th  
some p io n e e r  a t t e m p t s  o f  C anal C o lo n ie s .  There  w ere  43 towns o f  
d i f f e r e n t  s i z e s  i n  1881 and t h e r e  was no change i n  t h e  numbers u n t i l  
1911, By t h i s  t im e  th e  s e t t l e m e n t  p a t t e r n  was e s t a b l i s h e d  i n  th e  
n o i t h - e a s t e r n  p a r t  o f  t h e  r e g i o n  ( s e e  F ig u re  2 , 2 )  and m ost o f  t h e  
im p o r ta n t  c e n t r e s  w ere  a lo n g  th e  r i v e r s .  Away from  th e  r i v e r s  t h e  
s e t t l e m e n t s  w ere  few and i s o l a t e d .  The sandy and d ry  a r e a s  w ere  n o t  
s e t t l e d .  D uring  t h i s  e a r l y  phase  o f  r a i l w a y  deve lopm en t two t h i r d s  
o f  t h e s e  towns w ere  c o n n e c te d  by r a i l w a y .
D uring  th e  f i r s t  decade  (1 8 8 1 -9 1 )  a t o t a l  o f  23 towns had  a growth 
r a t e  g r e a t e r  th a n  one s t a n d a r d  d e v i a t i o n  above th e  mean. Two towns o f  
Jhe lum  and Daska a r e  i n c l u d e d  i n  'F '  g roup  w h ereas  S a h iw a l  shows th e  
h i g h e s t  r e l a t v e  grow th  r a t e  (A ) ,  Thus 20 o u t  o f  43 towns w ere  e i t h e r  
d e c l i n i n g ,  s t a g n a n t  o r  g row ing  w i th  a v e ry  slow  r a t e  as  compared t o  th e  
o t h e r s .  D uring  t h e  n e x t  decade  (1 8 9 1 -1 9 0 1 ) ,  th e  t r e n d  seems to  be 
s l i g h t l y  d i f f e r e n t  from th e  one n o t i c e d  e a r l i e r .  Only 18 towns were 
r e c o r d e d  above th e  s t a n d a r d  d e v i a t i o n  showing a s low  grow th  r a t e .  I n  
t h i s  r e s p e c t  t h i s  decade  seems to  have been l e s s  f a v o u r a b le  f o r  grow th 
o f  towns b e c au se  o f  w id e s p re a d  e p id e m ic s .  A cco rd in g  t o  Davis  (1951) 
t h i s  s low  g row th  was n o t  so  much th e  d i r e c t  r e s u l t  o f  a  h ig h  m o r t a l i t y  
r a t e  i n  t h e  to w n s ,  b u t  was due more t o  th e  p e o p le  t a k i n g  f l i g h t  t o  t h e  
v i l l a g e s .  S i m i l a r l y  th e  decade  1901-11 shows no change  i n  number e x c e p t  
th e  d e c l i n e  (E) o f  th e  f u r t h e r  f i v e  towns which a l s o  r e d u c e s  th e  
a v e ra g e  p e r c e n ta g e  change o f  t h e  towns t o  2 .9 2  a s  com pared to  e a r l y  
de c ad e s  o f  1 8 8 1 -9 1 ,  1891-1901 which was 8 ,65  and 7 .46  r e s p e c t i v e l y .
b .  1911-1941
By th e  end o f  t h i s  p e r i o d  th e  number o f  u rb a n  c e n t r e s  r o s e  to  80.
So f a r*  t h e  r a i l w a y  l i n e s  have  been  e x te n d e d  i n t o  th e  h e a r t  o f  th e  
a g r i c u l t u r a l  r e g i o n s ,  w here  t h e  c o m p le t io n  o f  each  phase  o f  th e  
r a i l w a y  s t i m u l a t e d  t r a d e  i n  t h a t  a r e a  and r e s u l t e d  i n  th e  growth o f  
c e n t r e s  a lo n g  i t .  The im proved  i n t e n s i t y  o f  l a n d  u s e  i n c r e a s e d  th e  
s u r p l u s  o f  fo o d  and com m erc ia l  c ro p s  w hich ' l e d  t h e  c u l t i v a t o r s  t o  th e
m arket*  ( D a r l i n g  1 9 4 7 ) .  T h is  gave b i r t h  t o  a  number o f  new m arke t  
("m a n d i" )  tow ns .
The g row th  o f  u rb a n  c e n t r e s  d u r in g  t h i s  s t a g e  shows t h a t  o u t  o f  
51 towns d u r in g  1 9 1 1 -2 1 ,  21 a r e  above th e  one s t a n d a r d  d e v i a t i o n  
i n c l u d i n g  f o u r  (S a rg o d h a ,  L y a l l p u r ,  S ah iw al  and C am pbelpur)  w i th  h ig h  
g ro w th .  By t h e  end o f  t h i s  s t a g e  1931-41 , t h e  number o f  towns w i th  
h ig h  grow th  r o s e  t o  14 w hereas  11 towns d e c l i n e d  r a p i d l y .  Among th e s e  
two ( S h o r k o t ,  S a n g la  H i l l )  were i n c lu d e d  i n  'F * .  Most o f  t h e  towns 
w i th  h i g h e r  grow th can  be s e e n  i n  th e  c e n t r e  o f  th e  r e g i o n  which may 
be a s c r i b e d  t o  th e  g e n e r a l  deve lopm en t o f  a g r i c u l t u r e  and m arke t  towns 
u n d e r  i r r i g a t i o n .
c .  1941-1971
T h is  s t a g e  w i t n e s s e d  th e  r a p i d  growth o f  th o s e  to w n s ,  which owed 
t h e i r  e x i s t e n c e  t o  t h e  growth o f  th e  n e tw o rk .  As t h e s e  towns grew more 
r a p i d l y ,  th e  o v e r a l l  d i s t r i b u t i o n  o f  c e n t r a l  p l a c e s  was s u b s t a n t i a l l y  
m o d i f ie d .  I t  c a u se d  th e  e l e v a t i o n  t o  u rb a n  s t a t u s  o f  fo rm e r  v i l l a g e s  
and a l s o  e n c o u ra g e d  th e  g r a v i t a t i o n  o f  many e x i s t i n g  c e n t r e s  to  i t .
The c o n s t r u c t i o n  o f  r o a d s  com plem entary  t o  i t  by e x te n d in g  th e  s e r v i c e  
a r e a  and r e s u l t e d  i n  a number o f  sm a l l  m a rk e t in g  c e n t r e s  i n  th e  
c e n t r a l  a g r i c u l t u r a l  r e g i o n .
The grow th  o f  towns i n  th e  b e g in n in g  (194 1 -5 1 )  shows t h a t  110 towns 
grew w i th  an a v e ra g e  o f  37 ,3  p e r  c e n t  p e r  town and o u t  o f  t h e s e  42 had  
grow th r a t e s  above one s t a n d a r d  d e v i a t i o n .  Ten to w ns , m o s t ly  o ld  and 
on i s o l a t e d  r a i l w a y  l i n e s ,  showed a d e c l i n i n g  t r e n d  (E ) and th e  
r e m a in in g  towns g rouped  i n t o  *D* c a te g o r y  were e i t h e r  g row ing  s lo w ly  
o r  were s t a g n a n t .  The n e x t  decade  (1 951 -61 )  a l th o u g h  shows no change 
i n  th e  p e r  town a v e ra g e  i n c r e a s e  ( p e r  c e n t ) ,  b u t  t h e r e  w ere  s i g n i f i c a n t  
changes  i n  th e  number o f  towns u n d e r  v a r y in g  r a t e s .  These  changes were 
s t i l l  more i n t e r e s t i n g  i n  te rm s  o f  t h e i r  a r e a l  p a t t e r n s .  The number o f  
d e c l i n i n g  towns c l a s s i f i e d  'E* d e c re a s e d  t o  f o u r  and a number o f  r a p i d l y  
growing towns *A* and 'B* r o s e  t o  s i x  and 11 r e s p e c t i v e l y .  During 1961- 
71 th e  d i s t r i b u t i o n  o f  th e  towns i n  th e  d i f f e r e n t  c l a s s e s  i s  s i m i l a r  
e x c e p t  *C* w here t h e  towns r o s e  t o  47 , showing a c o m p a r a t iv e ly  h i g h e r  
g ro w th ,  w hich i s  a l s o  e v id e n t  from  th e  change o f  a v e ra g e  i n c r e a s e  
(6 3 .7 2  p e r  c e n t ) .
4 9
The o v e r a l l  i n c r e a s i n g  t r e n d  o f  u rb a n  grow th can  f u r t h e r  be se en  
from  th e  r a t i o  o f  towns betw een^above and^below th e  mean growth i n  
t h e  r e s p e c t i v e  d e c a d e .  I t  i s  h ig h  d u r in g  th e  e a r l y  decade  o f  1881- 
91 ( 1 . 5 )  and low d u r in g  1951-61 ( . 4 1 )  when more th a n  d o u b le  th e  towns 
were below a v e ra g e .  I t  r e f l e c t s  a r a p i d  and h ig h  ( p e r c e n ta g e )  
r e l a t i v e  change A so u th  and s o u th  e a s t e r n  towns o f  Bahawalpur 
d i v i s i o n  (Bahawal N ag a r ,  C h i s h t i a n ,  H arunabad , K hanpur , B ahaw alpur, 
B u rew a la ,  Rahim Yar Khan and S a d iq  Abad) which s p ra n g  up due to
r e c e n t  d e v e lo p m en t .  The u rb a n  fa tte n s  o f  t h e s e  towns shows a p r e ­
d o m in a n tly  l i n e a r  p a t t e r n ,  s t r e t c h e d  a lo n g  th e  r a i l w a y  i n  r e c e n t l y  
i r r i g a t e d  t r a c t .  T h is  p e r i o d  (1 9 5 1 -6 1 )  h a s  th e  maximum number o f  
towns h a v in g  a grow th  r a t e  h i g h e r  th a n  one s t a n d a r d  d e v i a t i o n .  T h is  
decade  i s  s i g n i f i c a n t  b e c a u s e ,  on n a t i o n a l  l e v e l  i t  h a s  been  a p e r i o d  
o f  e f f e c t i v e  s t r i d e s  i n  t h e  f i e l d  o f  a g r i c u l t u r e ,  i n d u s t r y ,  e d u c a t io n  
and com m unica tion  u n d e r  t h e  new reg im e  i n s t a l l e d  i n  1958 w hich  showed 
t h e i r  im pac t  i n  th e  1960s (Ahmad 1 9 6 6 ) .  I t  i s  a l s o  e v id e n t  from  th e
h i g h e s t  a v e ra g e  p e r  town i n c r e a s e  (6 3 .7 2  p e r  c e n t )  d u r in g  196 1 -7 1 .
For a  f i n a l  p i c t u r e  ' 2 ' - s c o r e  p e rm i t s  com parison  betw een th e  o v e r a l l  
r e l a t i v e  grow th o f  th e  towns by t h e i r  com posite  v a l u e s  f o r  t h e  d e c a d e s .  
B u t ,  as  th e  d a te  o f  o r i g i n  o f  t h e s e  towns v a r i e s  be tw een  th e  y e a r s  
1881 t o  1961 ( s e e  F ig u re  2 . 2 ) ,  t h e r e f o r e  i t  i s  d i f f i c u l t  t o  a s s e s s  th e  
c o m p a ra t iv e  p o s i t i o n  on such  b a s e s .  I t  can  o n ly  be lo o k ed  a t  th ro u g h  
th e  av e ra g e  s c o r e s  ( p e r  d e c a d e )  o f  t h e  towns s in c e  t h e i r  decade  o f  
o r i g i n  ( s e e  F ig u re  2 , 5 ) .
I t  shows t h a t  t h e  a r e a s  o f  h ig h  grow th a re  i n  t h e  P a n jab  p l a i n s ,  
where th e  s p a t i a l  d i s t r i b u t i o n  o f  t h e  towns i s  a lm o s t  u n i fo rm  and 
t h i s  p a r t  h a s  undergone  th e  m ajo r  deve lopm en ts  o f  a g r i c u l t u r e ,  
i n d u s t r y ,  r o a d s  and r a i l w a y .  T h is  zone f u r t h e r  e x te n d s  tow ards  
B ahaw alpur d i v i s i o n  where a lo n g  w i th  th e  r e c e n t  economic deve lopm ent 
t h e  b o r d e r  towns a l s o  grew due to  th e  im m ig ran ts  i n  1947. I n  th e  n o r th  
th e  grow ing  t r e n d  o f  t h e  towns can  be se en  around  th e  F e d e ra l  C a p i t a l .
The zones  o f  s low  grow th o r  d e c l i n i n g  towns can  be found  a round  
th e  c e n t r e .  I n  t h e  so u th  w e s t e r n  p a r t  where most o f  t h e  rem ote  towns 
o f  Dera Ghazi Khan and M u z a f fa rg a rh  d i s t r i c t s  have  been  r e c o r d in g  a 
v e r y  slow g ro w th .  I n  th e  n o r t h ,  th e  towns o f  m o u n ta in o u s  d i s t r i c t s  
o f  Jh e lu m , Campbelpur ( -phe m ounta inous  o f  M ianw ali)
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have  a l s o  been  showing a s low  t r e n d .  A no ther  s i m i l a r  t r e n d  can  be 
s e e n  i n  t h e  e a s t e r n  b o r d e r  towns o f  S i a l k o t  and some o l d  towns o f  
G u jranw a la  d i s t r i c t .
2 .9  R e l a t i v e  Growth o f  Towns A c c o rd in g  t o  T h e i r  S i z e s
T h is  s e c t i o n  a t t e m p t s  t o  a n a ly s e  t h e  r e l a t i v e  grow th  o f  163 towns 
o f  d i f f e r e n t  s i z e s ,  h a v in g  a p o p u l a t i o n  o f  more t h a n  5 ,0 0 0  i n  1961,
I t  i s  b a s e d  on th e  a c t u a l  v a r i a t i o n s  o f  t h e  towns i n  t h e  d e c ad e s  
r e l a t i v e  t o  t h e i r  r e s p e c t i v e  s i z e s .
a .  M ajor C i t i e s  (1 0 0 ,0 0 0  +)
I t  i n c l u d e s  a  t o t a l  o f  14 i n  1971 . A l l  have  been  towns s in c e  1:881, 
w i th  t h e  e x c e p t io n  o f  L y a l l p u r ,  S a rg o d h a ,  Okara and Wah C antonm ent, 
w hich  ftvrtMs 1901, 1911 , 1931 and 1951 r e s p e c t i v e l y  and
have  n e v e r  showed a d e c l i n i n g  t r e n d  below 'D*. T h is  c o n s i s t e n t  
i n c r e a s e  seems t o  be a r e s u l t  o f  t h e  p r o s p e r in g  a g r i c u l t u r a l  economy 
b a sed  on c a n a l  i r r i g a t i o n .  I n t e r e s t i n g l y  L y a l lp u r  and S arg o d h a  r o s e  
from  C la s s  V towns w h i le  Okara was a -  C la s s  IV town i n  1931 . The 
o r i g i n  ( i n  1881) o f  th e  r e m a in in g  t e n  c i t i e s  o f  t h i s  c l a s s  v a r i e s  
be tw een C la s s e s  I  (L a h o re )  and IV . A lthough  t h e s e  towns have  r e c o r d e d  
a g r a d u a l  i n c r e a s e ,  t h e r e  were f l u c t u a t i o n s  f rom  decade  t o  d e c ad e .
I n  th e  e a r l y  s t a g e  (1881 -1 9 1 1 )  J h a n g ,  S i a l k o t  and G u jran w a la  were 
d e c l i n i n g  t o  'E '  w h i l e  S ah iw a l  and Lahore were r a p i d l y  grow ing  (B + ).
The second  s t a g e  (1 9 1 1 -4 1 )  w i t n e s s e d  th e  h ig h  g row th  o f  L y a l lp u r ,
Lahore and G u jran w a la  w hereas  B ahaw alpur, K a s u r ,  S i a l k o t ,  Jhang  and 
R aw alp in d i  w ere  s lo w ly  growing ( s e e  F ig u re  2 . 4 1 ) .
b .  5 0 ,0 0 0  -  100 ,000
Out o f  t e n  o n ly  Jh e lu m , Dera Ghazi Khan, K am alia  and C h in io t  a re  
o ld  ( s i n c e  1881) and w i th  t h e  e x c e p t io n  o f  one ( C h i n i o t ) ,  a l l  have 
shown a d e c l i n i n g  t r e n d  i n  f o u r ,  t h r e e  and one decade  r e s p e c t i v e l y  
( s e e  F ig u re  2 . 4 2 ) .  On th e  o t h e r  hand  t h r e e  new towns ( s i n c e  1941) 
o f  Kamoke, B urew ala  and Rahim Yar Khan a re  r a p i d l y  g ro w in g ,  w h i le  th e  
grow th  o f  H a f iz a b a d ,  S h e ik h u p u ra  and Khanewal n e v e r  w en t below ' D' 
s in c e  1921 , when t h e s e  were C la s s  V tow ns. I t  shows t h a t  i n  t h i s  C la s s
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Jhe lum  and Dera Ghazi Khan a re  e i t h e r  s t a g n a n t  o r  grow ing  v e ry  s lo w ly  
b e c au se  o f  t h e i r  rem o te  l o c a t i o n s  away from th e  C e n t r e .
c .  2 0 ,0 0 0  -  5 0 ,0 0 0
U n t i l  1911 , when t h e  economy was m o s t ly  r u r a l ,  th e  t e n d e n c y  was 
t o  r e s i d e  i n  th e  s m a l l e r  towns o f  C la s s  V w hich were p o p u l a r  i n  s e r v i n g  
a s  m a rk e ts  f o r  r u r a l  l o c a l i t i e s .  But l a t e r  on w i th  t h e  dev e lo p m en t,  
t h i s  t r e n d  s h i f t e d  to w a rd s  t h e  l a r g e r  towns and some o f  t h e s e  grew i n  
th e  h i g h e r  c a t e g o r i e s .  Now t h i s  c l a s s  i n c l u d e s  12 such  o ld  towns 
which have  e x i s t e d  s in c e  1881 . Among t h e s e  Daska, Chakw al, Khushab, 
B hakkar , P a k p a t t a n ,  L ie a h ,  Ahmad P u r  E a s t  and Khanpur have  r e c o r d e d  a 
g r a d u a l  and slow  grow th  w hereas  J a l a l p u r ,  B hera  and S h u ja a b a d  have 
been  r e c o r d i n g  an o v e r a l l  t r e n d  ( s e e  F ig u re  2 . 4 3 ) .  Among th e  new 
tow ns, h ig h  g row th  can  be se en  e i t h e r  i n  t h e  towns o f  r e c e n t l y  d e v e lo p ­
in g  a r e a s  o f  th e  s o u th  and s o u th  e a s t  o r  i n  t h e  c e n t r a l  a r e a ' s  towns 
o f  C h ic h a w a tn i ,  V e h a r i ,  Mian Channu, G o jra ,  J a r a n w a la ,  M ianw ali and 
M itha  T iw ana . Most o f  t h e  grow ing towns i n  t h i s  c l a s s  have  been  
a d m i n i s t r a t i v e  c e n t r e s  s in c e  t h e i r  o r i g i n  and have  a l s o  a c te d  as 
n o d a l  t r a d e  c e n t r e s  f o r  th e  b e t t e r  a g r i c u l t u r a l  a r e a s  b e c a u s e  o f  t h e i r  
f a v o u r a b le  l o c a t i o n s  on th e  t r a n s p o r t  r o u t e s .  I t  h e lp e d  them t o  jump 
from  C la s s  V w i t h i n  a p e r i o d  o f  40 y e a r s .
d .  1 0 ,0 0 0  -  20 ,0 0 0
T h is  s e c t i o n  c l a s s i f i e s  71 u rb a n  c e n t r e s  o f  a l l  a g e s .  Most o f  
t h e s e  a re  new and o n ly  one s i x t h  have  been towns s in c e  1881 . A l l  th e  
o ld  towns ( b e f o r e  1881) showed r e c o r d e d  growth more t h a n  one s t a n d a r d  
d e v i a t i o n  below  th e  mean th ro u g h o u t  t h e  p e r i o d .  Such towns p ro v id e  
th e  b e s t  exam ples  t o  i l l u s t r a t e  th e  n e g a t i v e  e f f e c t  o f  th e  r a i lw a y  
by d i v e r t i n g  th e  o l d  c h a n n e l  o f  t r a d e .  Most o f  them l i k e  Jam pur,
H a z ro ,  F i n d i  Gheb, P .D .K han, I s a  Khel and K alabagh  w ere  im p o r ta n t  
t r a d e  c e n t r e s  i n  t h e  e a r l y  de c ad e s  and a re  now l o c a t e d  on i s o l a t e d  
l i n e s .  On th e  o t h e r  hand  most o f  t h e  new towns o f  t h i s  c l a s s  
(M alakw al, P h u la rw an ,  Kot Momin, H a d a l i ,  J a u h a r a b a d ,  Rahwah, L a l i a n ,  
Chak Jhum ra , K a b i rw a la ,  R e n a la  Khurd) a r e  p r o b a b ly  g row ing  due to  
t h e i r  f a v o u r a b le  l o c a t i o n s  on m ain  r o a d s ,  r a i l w a y  o r  b o th .  The 
r e m a in in g  towns a re  i n c lu d e d  i n  t h e  'D ' c a te g o r y  o f  u rb a n  growth and 
a re  e i t h e r  s t a g n a n t  o r  grow ing  s lo w ly  ( s e e  F ig u re  2 . 4 4 ) .
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FIGURE 2-5
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5e .  5 ,0 0 0  -  10 ,0 0 0
*With t h e  e x c e p t io n  o f  a  few o l d  d e c l i n i n g  towns ( l i k e  M ia n i ,  Bhaun, 
Shahpur C i t y ,  Ramnagar and D a ja l )  w hich have been  i n  th e  same c l a s s  
s in c e  1881 , none o f  th e  towns i n  t h e  c l a s s  a r e  o l d e r  t h a n  1941 . The 
few o l d  towns r e c o r d e d  a g r a d u a l  r e l a t i v e  grow th  u n t i l  1911, a f t e r  
which t h e y  c o n t i n u o u s ly  showed a d e c l i n i n g  r e l a t i v e  t r e n d  and c o u ld  
n o t  im prove t h e i r  s t a t u s  even  i n  th e  p r e s e n t  reg im e  o f  r a p i d  g ro w th .  
Among th e  re m a in in g  new towns K ahu ta ,  Dhaban S in g h ,  R a iw in d ,  L i a q a t  
Abad, 2£afarwal, L i a q a t p u r  and K a l r a  a re  showing r a p i d  g row th  w h i le  th e  
c a te g o r y  o f  s low  g row th  i n c l u d e s  N u rp u r ,  K a lu r k o t ,  Khangah Dogran and 
Uch ( s e e  F ig u re  2 . 4 5 ) .
f .  Below 5 ,0 0 0  ( D e c l in in g  Towns)
The e x a m in a t io n  o f  t h e  grow th o f  th e  d e c l i n i n g  towns (w hich  d ropped  
from  th e  h i g h e r  C la s s  V d u r in g  th e  d e c a d e s )  r e v e a l s  t h a t  t h e r e  were no 
towns in  t h i s  g roup  d u r in g  th e  e a r l y  s ta g e  (1 8 8 1 -1 9 1 1 )  when t h r e e  towns 
K hanpur, Ramnagar and R ojhan  e n t e r e d  th e  group i n  1 9 1 1 -2 1 .  L a t e r  on 
Khanpur m a in ta in e d  t h e  s t a t u s  and th e  group was j o i n e d  by i s o l a t e d  
r i v e r  towns o f  M ithan  K o t ,  S a m b r ia l ,  D a ja l  and Ahmad Pur S i a l  i n  1941- 
51 , a f t e r  w hich  a l l  t h e s e  towns ( e x c e p t  R ojhan) im proved  t h e i r  s t a t u s  
i n  1 9 6 1 -7 1 .
By c l a s s i f y i n g  t h e  o v e r a l l  p o s i t i o n  o f  th e  towns a c c o r d in g  t o  th e  
d i s t r i c t s ,  we se e  t h a t  t h e  d i s t r i c t s  w i th  grow ing  towns a r e  Rahim Yar 
Khan, Bahawal N ag a r ,  L y a l l p u r ,  S h e ik h u p u ra  and S a h iw a l ,  w h e reas  th e  
d i s t r i c t s  h a v in g  t h e  towns w i th  s low  o r  s t a g n a t i o n  p r o c e s s  a re  Jh e lu m , 
S i a l k o t ,  Campbelpur and Dera Ghazi Khan. The r e m a in in g  d i s t r i c t s  can  
be c l a s s i f i e d  as  t h e  d i s t r i c t s  w i th  towns o f  v a r y i n g  grow th  a c c o rd in g  
t o  t h e i r  l o c a t i o n . T o  u n d e r s t a n d  th e  l o c a t i o n a l  p a t t e r n  o f  t h e s e  tow ns, 
th e  s p a t i a l  d i s t r i b u t i o n  i s  d i s c u s s e d  a t  th e  r e g i o n a l  and s u b - r e g i o n a l  
l e v e l s .
*
e x i s t e d  b e f o r e  th e  f i r s t  c e n su s  o f  1881
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2 .1 0  S p a t i a l  D i s t r i b u t i o n
C o n t r a s t s  i n  t h e  d e g re e  o f  c o n n e c t i v i t y  f o r  t h e  v a r i o u s  d i s t r i c t s  
a re  a l s o  c a u s e d  by th e  p a t t e r n  o f  l o c a t i o n  i n  th e  r e g i o n .
A c lo s e  e x a m in a t io n  o f  t h e  map ( s e e  F ig u re  2 .3 )  shows some a r e a s  o f  
c o n c e n t r a t i o n  and o t h e r s  r e l a t i v e l y  em pty. H i s t o r i c a l  i n q u i r y  
r e v e a l s  t h a t  th e  movements w hich have  been d i r e c t e d  a lo n g  s p e c i f i c  
r o u t e s  ( r i v e r s ,  r a i l w a y s  and r o a d s )  have  a g r e a t  e f f e c t  on th e  p a t t e r n  
o f  th e s e  s e t t l e m e n t s  i n  th e  c o n te x t  o f  o r i g i n  and d e s t i n a t i o n  w hich 
o f t e n  e x i s t  a t  t h e  j u n c t i o n  o f  n e tw o rk s .  These j u n c t i o n s  have  f r e q u e n t  
a s s o c i a t i o n  w i th  d i s t i n c t i v e  c l u s t e r s  o f  human a c t i v i t i e s  and v a ry  
a c c o r d in g  t o  t h e  num bers ,  s i z e ,  sp a ce  and f e a t u r e s .  The c h a r a c t e r i s t i c s  
o f  l o c a t i o n  d i s t r i b u t i o n  a r e  r e l a t e d  t o  p o i n t s  e i t h e r  w i th  r e s p e c t  to  a 
s p e c i f i c  a r e a  ( d e n s i t y )  o r  w i th  r e s p e c t  t o  each  o t h e r .  I n  th e  l a t t e r  
c a s e ,  w hich  i s  th e  main fo c u s  o f  th e  p r e s e n t  a n a l y s i s ,  th e  em phasis  i s  
p l a c e d  upon t h e  d i s t a n c e  betw een t h e  p o i n t s  ( u rb a n  c e n t r e s )  i n  o r d e r  t o  
u n d e r s t a n d  th e  i n f l u e n c e  o f  l o c a t i o n s  betw een th e  s e t t l e m e n t s ,  where 
each  s e t t l e m e n t  h a s  an e q u a l  chance  o f  o c c u r r in g  a t  any p o s i t i o n  w i t h i n  
th e  a r e a .
The s i g n i f i c a n c e  o f  s p a c in g  as one o f  th e  b a s i c  a t t r i b u t e s  o f  any 
s p a t i a l  d i s t r i b u t i o n  c an  be exam ined s t a t i s t i c a l l y  and th e n  d i s t i n ­
g u is h e d  be tw een  th e  p a t t e r n s  o f  c l u s t e r s ,  random and d i s p e r s e d .  I n  
g e n e r a l  t h e  d i f f e r e n c e  be tw een  a l l  t h e s e  t h r e e  p a t t e r n s  o f  d i s t r i b u t i o n  
i s  e a sy  t o  u n d e r s t a n d  a s  i t  a p p e a r s  from  th e  s e t t l e m e n t  d i s t r i b u t i o n  
map o f  th e  P a n ja b  ( d i s p l a y i n g  v a r i e t y  o f  d i s t r i b u t i o n  p a t t e r n  betw een 
th e  sub r e g i o n s )  b u t  i n  p r a c t i c e  i t  i s  o f t e n  d i f f i c u l t  t o  d i s t i n g u i s h  
betw een th e  d e g re e  o f  c l u s t e r i n g  o r  d i s p e r s i o n  on th e  b a s i s  o f  
q u a l i t a t i v e  e s t i m a t e s .  T h e r e f o r e ,  a s t r o n g  need  e x i s t s  f o r  a  t o o l  
w i th  w hich t o  d e s c r i b e  u rb a n  s e t t l e m e n t  p a t t e r n s  i n  t h e  r e g i o n s  o f  th e  
P a n ja b .  To i d e n t i f y  t h i s  ty p e  o f  r e g i o n a l  c o n t r a s t  a number o f  
t e c h n iq u e s  have  been  d e v e lo p e d ,  b u t  th e  w e l l  u s e d  t e c h n iq u e  o f  n e a r e s t  
n e ig h b o u r  a n a l y s i s  o u t l i n e d  by C la rk  and Evans (1954 )  and e x e m p l i f i e d  
by King ( 1 9 6 2 ) ,  makes i t  p o s s i b l e  t o  d e s c r ib e  any p o i n t  p a t t e r n  i n  te rm s  
o f  s i n g l e  s t a t i s t i c  (Ru) on a s c a l e  r a n g in g  from  0 t o  2 .1 4 9 .  With th e  
a g g r e g a t i o n  o f  a l l  p l a c e s  a t  one p o i n t  th e  v a lu e  o f  'R* would  e q u a l  *0* 
w i th  th e  c o m p le t in g  random d i s t r i b u t i o n  o f  p l a c e s  R = 1 and i f  th e  
p a t t e r n  o f  t h e  p l a c e s  was c o m p le te ly  u n ifo rm  ' R' would  e q u a l  2 .1 5 .  I n  
h i g h e r  o r d e r  p a t t e r n s ,  t h e  v a lu e  o f  'R* i n  a u n i fo r m  d i s t r i b u t i o n
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i n c r e a s e s  s lo w ly .  I t  m easu res  d i s t a n c e  from  an i n d i v i d u a l  t o  i t s  
n e a r e s t  n e ig h b o u r  i r r e s p e c t i v e  o f  d i r e c t i o n .  I n  a c l u s t e r e d  d i s t r i ­
b u t i o n  t h e s e  d i s t a n c e s  w i l l  o b v io u s ly  be low w h i le  an o r d e r e d  p a t t e r n  
w i l l  e x h i b i t  r e l a t i v e l y  w ide s p a c in g  betw een th e  p o i n t s .  I t  i n d i c a t e s  
th e  d e g re e  t o  w hich  any o b s e rv e d  d i s t r i b u t i o n  o f  p o i n t s  d e v i a t e  from 
w hat m igh t  be e x p e c te d  i f  t h e  p o i n t s  were d i s t r i b u t e d  i n  t h e  random 
manner w i t h i n  t h e  same a r e a .  To compute th e  n e a r e s t  n e ig h b o u r  
s t a t i s t i c  'R '  w hich i s  a  r a t i o  be tw een  Mean o b s e rv e d  d i s t a n c e s  and 
e x p e c te d  mean d i s t a n c e s ,  th e  f o l l o w in g  fo rm u la  h a s  been  u s e d  ( s e e  
C la rk  and Evans 1 9 5 4 ) .
£ y
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N = Number o f  s e t t l e m e n t s  i n  th e  a r e a .
Y = d i s t a n c e  from  each  c i t y  ( s e t t l e m e n t )  t o  i t s  n e a r e s t  n e ig h b o u r  
P = d e n s i t y  o f  towns p e r  u n i t  a r e a .
The a n a l y s i s  f o r  th e  r e g i o n a l  u rb a n  c e n t r e s  i s  c a r r i e d  on t h r e e  
d i f f e r e n t  a d m i n i s t r a t i v e  u n i t s  o f  t h e  P a n jab  ( a s  a  w h o le ) ,  d i v i s i o n  
and d i s t r i c t  l e v e l .  By f o l lo w in g  t h e  d e f i n i t i o n  o f  towns a c c o r d in g  
t o  t h e  c e n su s  o f  1972, a t o t a l  202 towns were i n c l u d e d  w i t h o u t  
c o n s id e r in g  t h e i r  p o p u l a t i o n  s i z e s .
2 .1 1  P a n ja b  and D i v i s i o n  L e v e l  N e a r e s t  N eighbour A n a ly s i s
The T ab le  2 . 7 a  p r e s e n t s  t h e  s t a t i s t i c  'R '  v a lu e s  a lo n g  w i th  th e  
*s i g n i f i c a n c e  t e s t  o f  c r i t i c a l  v a lu e s  f o r  th e  d i v i s i o n s  and th e  P a n jab  
as  a w h o le .  I t  r e v e a l s  t h a t  th e  e x p e c te d  r a n g e  i n  v a lu e s  f o r  'R* i s  
a p p a r e n t  t h a t  t h e  t e n d e n c ie s  to w a rd s  a g g r e g a t e ,  random and u n i fo rm  
s p a c in g  o f  towns v a ry  be tw een  th e  r e g i o n s .  Such c o n t r a s t s  a re  
n a t u r a l l y  e x p e c t e d  i n  r e g i o n s  w i th  c o n t r a s t i n g  p h y s i c a l  and human 
s u b - r e g i o n s .  A cco rd in g  t o  t h e  v a lu e s  o f  d i f f e r e n t  sam ple a r e a s ,
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T ab le  2 .7 a
DIVISION AND PROVINCE LEVEL 
NEAREST NEIGHBOUR ANALYSIS 
(1971)
D i v i s i o n / No. o f Area D e n s i ty D is ta n c e
P ro v in c e Towns Obs. Exp. R c . v a l u e s
R aw alp ind i 34 11 ,206 .00303 11 .32 9 .0 8 1 .2 5 2 .7 5
S argodha 50 17 ,095 .00292 9 .68 9 .2 5 1 .0 5 0 .63
Lahore 51 8 ,907 .00572 9 ,59 6 ,61 1 .4 5 6 .16
M ultan 43 24,826 .00173 1 6 .1 4 12 .0 2 1 ,3 4 4 ,3 0
Bahawalpur 24 1 7 ,5 0 8 .00137 12 .21 1 3 .5 1 0 .9 0 - 0 .9 0
PANJAB 202 79,542 .00254 11 .61 9 .9 2 1 .1 7 4 .6 3
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t h e  e x p l a n a t i o n  f o l lo w s  p e r  d i f f e r e n t  u n i t s  o f  m easu rem en t.
On P a n ja b  l e v e l  t h e  p a t t e r n  ( o f  d i s t r i b u t i o n )  shows th e  a p p ro a c h in g  
u n i fo rm  d i s t r i b u t i o n  o f  u rb a n  s e t t l e m e n t s  which i s  due t o  r e g i o n a l
t &i * . . i tdevelopm en t  ^ econom ic , a d m i n i s t r a t i o n ,  s o c i a l  and p h y s i c a l  
R e f e r r i n g  t o  d i v i s i o n  l e v e l  'R '  v a lu e s  we can  u n d e r s t a n d  t h a t  t h e r e  
i s  o n ly  one r e g i o n  o f  B ahaw alpur ( d i v i s i o n )  w here a c l u s t e r e d  p a t t e r n  
i s  fo rm ed , w hich  i n d i c a t e s  a  c lo s e  s p a c in g  o f  d i s t r i b u t i o n .  T h is  i s  
m a in ly  due t o  p h y s i c a l  h in d r a n c e  a t  o t h e r  p l a c e s  f o r  deve lopm en t o f  
u r b a n  s e t t l e m e n t s  i n  t h e  r e g i o n .  A p a r t  from t h a t  th e  p h y s i c a l  f a c t o r s  
seem t o  be l a r g e l y  r e s p o n s i b l e  f o r  t h e  low s c o r e s  i n  B ahaw alpur where 
t h e  a r ra n g e m e n ts  o f  p a i r s  o f  towns a lo n g  r i v e r s  ( S u t l e j  and th e n  I n d u s )  
i n  o th e r w is e  l a r g e l y  u n i n h a b i t e d  a r e a s  h a s  p ro d u ce d  l i n e a r  c l u s t e r i n g  
i n  t h e  r e g i o n .
The d i s t r i b u t i o n  i n  t h e  r e m a in in g  t h r e e  d i v i s i o n s  o f  R a w a lp in d i ,
L ahore  and M ultan  a p p ro a c h e s  u n i f o r m i t y .  The m a in re a s o n  f o r  t h i s  ty p e  
o f  d i s t r i b u t i o n  seems t o  be t h e  r e s u l t  o f  th e  deve lopm en t o f  a g r i ­
c u l t u r a l  occupance  i n  t h e  u n i n h a b i t e d  a r e a s ,  deve lopm en t o f  t h e  m arke t 
c e n t r e s ,  i n d u s t r i a l  e x p a n s io n  and t r a n s p o r t  f a c i l i t i e s  f o r  t h e i r  
r e s p e c t i v e  h i n t e r l a n d s .  The h ig h  s c o r e s  i n  t h e s e  r e g i o n s  a r e  e x p e c te d  
due t o  th e  low r e l i e f  and u n i fo rm n e s s  o f  th e  l a n d  be tw een  th e  r i v e r s .
The ab sen c e  o f  a d i s p e r s e d  p a t t e r n  i n  any r e g i o n  s u g g e s t s  t h a t  th e  
o v e r a l l  s p a c in g  o f  th e  s e t t l e m e n t s  i n  a l l  t h e  r e g i o n s  i s  r e l a t i v e l y  
u n i f o r m .  L ahore  d i v i s i o n  f o l lo w e d  by Sargodha  have  t h e  towns l o c a t e d  
c l o s e r  t o  one a n o th e r ,  w h i l e  M u ltan ,  b e in g  t h e  l a r g e s t  i n  s i z e  h a s  th e  
towns w i th  a p p ro x im a te ly  a v e ra g e  d i s t a n c e  betw een them . On th e  o t h e r  
h a n d ,  e x p e c te d  mean d i s t a n c e ,  w hich r e f l e c t s  t h e  r e l a t i o n  o f  s i z e  and 
number o f  s e t t l e m e n t s  i n  t h e  r e g i o n ,  i s  h i g h e r  i n  t h e  l a r g e r  QAma r e g i o n s  
o f  B ahaw alpur w h i l e  low er  i n  s m a l l e r  r e g i o n s  o f  L ahore  d i v i s i o n .
S i m i l a r l y  t h e  n o r t h e r n  r e g i o n s  o f  L a h o re ,  R aw alp ind i  and Sargodha  have  
lo w e r  Ye v a l u e s  t h a n  th e  P a n ja b  as a w h o le .  T h is  shows th e  h i g h e r  
c o n c e n t r a t i o n  o f  u r b a n  s e t t l e m e n t s  f o r  d e m a rc a t in g  th e  p o i n t s  w h i le  
t h e  s o u th e r n  d i v i s i o n s  o f  M ultan  and Bahawalpur have  h i g h e r  Y£ v a lu e s  
showing low er  c o n c e n t r a t i o n  o f  u rb a n  s e t t l e m e n t s .
2 .1 2  D i s t r i c t  l e v e l  n e a r e s t  n e ig h b o u r  a n a l y s i s
Tak ing  a s t e p  f u r t h e r  on d i s t r i c t  l e v e l ,  th e  p a t t e r n  o f  d i s t r i b u t i o n  
i s  more i n t e r e s t i n g .  T ab le  2 ,7 b  g iv e s  th e  *R* v a l u e s  f o r  th e  19 
d i s t r i c t s ,  w hich  v a ry  i n  s i z e  and number o f  s e t t l e m e n t s  as  w e l l  as 
t h e i r  te n d e n c y  to w ard s  a g g r e g a t i o n .  Three  d i s t r i c t s  nam ely Jh e lu m , 
Sargodha  and Jh an g  have a random d i s t r i b u t i o n  p a t t e r n ,  p o s s i b l y  due to  
p h y s i c a l  and c u l t u r a l  f e a t u r e s  o f  u rb a n  deve lopm en t and p a r t i c u l a r l y  . 
t h e  i n f l u e n c e  o f  t r a n s p o r t a t i o n  r o u t e s .  Four d i s t r i c t s  o f  M a inw ali ,  
M u z a f f a r g a r h , B ahaw alpur and Rahim Yar Khan have a c l u s t e r e d  p a t t e r n .  
A l l  t h e s e  d i s t r i c t s  have  gone u n d e r  th e  r a p i d  change o f  i r r i g a t i o n  and 
a g r i c u l t u r e  d u r in g  the1 r e c e n t  y e a r s .  These have  c a u s e d  a number o f  
new u r b a n  c e n t r e s  t o  grow on th e  main r a i l w a y  l i n e s .  Away from  th e s e  
m ost o f  th e  r e g i o n  i s  s t i l l  u n i n h a b i t e d  and th e  towns a r e  d i s t r i b u t e d  
i n  t h e  s t r a i g h t  l i n e  ( a lo n g  r a i l w a y  l i n e s  and r i v e r s ) .  E xcep t f o r  
Bahawalpur w hich  l i e s  a lo n g  th e  R iv e r  S u t l e j  and h a s  s i m i l a r  r e a s o n s  
f o r  c l u s t e r i n g ,  a l l  th e  t h r e e  d i s t r i c t s  s t r e t c h  a lo n g  th e  R iv e r  I n d u s ,  
w i th  t h e i r  towns on s t r a i g h t  r a i l w a y  l i n e s  ru n n in g  p a r a l l e l  t o  th e  
r i v e r s  which h e lp  t o  p ro d u ce  l i n e a r  c l u s t e r i n g  f o r  t h e  p a i r s  o f  tow ns , 
which t e n d s  to w a rd s  z e r o .
The r e m a in in g  s i x  d i s t r i c t s  o f  G u j r a t ,  L y a l lp u r ,  S i a l k o t ,  G u jra n ­
w a la ,  Dera Ghazi Khan and Bahawal N agar have a d i s t r i b u t i o n  a p p ro a c h in g  
u n i fo rm .  I n  L y a l lp u r  th e  p a t t e r n  o f  t r a n s p o r t a t i o n  r o u t e s  i s  i n  v e ry  
c lo s e  agreem en t w i th  t h e  a r ra n g e m e n t  c h a r a c t e r i s t i c s  o f  an h e x a g o n a l  
p a t t e r n  o f  s e t t l e m e n t s  where most o f  t h e  towns a p p e a r  t o  be a s s o c i a t e d  
w i th  th e  i n t e r s e c t i o n  o f  more t h a n  two t r a n s p o r t a t i o n  r o u t e s .
Some o b s e rv e d  o r d e r e d  d i s t a n c e s  show a l a r g e  d e v i a t i o n  a b o u t  th e  
mean. The v a r i a t i o n s  i n  t h e  ran g e  o f  o b s e r v a t io n s  among th e  P a n jab  
d i s t r i c t s  and among v a r i o u s  o r d e r s  w i t h i n  th e  same r e g i o n ,  r e f l e c t s  th e  
h e t e r o g e n e i t y  and r e l a t i v e  i s o l a t i o n  o f  many d i s t r i c t s ,  t h e r e f o r e  
t o  d i f f e r e n t i a t e  th e  d i s c r e t e  g roups  o r  c l u s t e r  o f  s e t t l e m e n t s  on th e  
b a s i s  o f  s p a c i n g ,  i t  i s  p o s s i b l e  t o  c l a s s i f y  them a c c o r d in g  t o  th e  
d i s t a n c e  o f  s e p a r a t i o n  ( o f  th e  t h e o r e t i c a l  u n i fo r m  d i s t r i b u t i o n
o f  t h e  r e g u l a r  l a t t i c e ,  a s  a s t a n d a r d .  The s e t t l e m e n t s  l o c a t e d  a t  th e  
d i s t a n c e  lo w er  th a n  'YE' v a lu e s  a re  t r e a t e d  as one c l u s t e r  w h i le  th e  
s e t t l e m e n t s  w i t h  h i g h e r  th a n  'YE* d i s t a n c e  w i t h i n  t h e i r  r e s p e c t i v e  
d i s t r i c t ,  a r e  c o n s id e r e d  a s  d i s p e r s e d  c e n t r e s .
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T ab le  2 .7 b
NEAREST NEIGHBOUR ANALYSIS (1931 and 1971)
R e g io n s / 1931 1971
D i s t r i c t s N y o b y  ex R N y o b y e x R
R aw alp in d i 2 2 5 .0 0 1 5 .8 9 1 .5 7 5 2 0 .2 0 10 .06 2 .0 1
Campbelpur 6 17 .33 13 .13 1 .3 2 9 1 0 .6 7 10 .73 0 .9 9
Jhe lum 4 2 3 .25 1 3 .1 8 1 .7 6 9 9 .1 1 8 .77 1 .0 4
G u j r a t 5 1 3 .2 0 1 0 .6 4 1 .2 4 11 9 .6 4 7 .17 1 .3 4
S argodha 13 1 1 .46 9 .5 9 1 .1 9 22 7 .9 1 7.36 1 .0 7
M ianw ali 4 32 .0 0 1 8 .3 8 1 .7 4 12 8 .92 1 0 .6 1 0 .8 4
Jh an g 5 1 9 .0 0 1 2 .87 1 .4 8 7 11 .5 7 11 .02 1 ,0 5
L y a l lp u r 6 2 0 .17 1 2 .0 9 1 .6 7 9 1 3 .5 6 9 .88 1 .37
Lahore 4 2 0 .25 1 1 .2 4 1 .8 0 15 9 .2 7 6 .0 8 1 .5 2
S i a l k o t 6 10 .0 0 9 .2 7 1 .0 8 14 7 .7 8 6 .0 8 1 .2 8
G u jran w a la 7 1 4 .2 9 9 .0 8 1 .5 7 10 1 0 .6 0 7 .6 0 1 .3 9
S h e ik h u p u ra 4 24 .2 5 1 2 .0 2 2 .0 2 12 1 1 .2 5 6 .9 4 1 .6 2
M ultan 3 26 .67 2 1 .72 1 .2 3 15 1 6 .3 3 9 .6 9 1 .6 8
S ah iw a l 4 2 5 .7 5 1 6 .22 1 .5 9 10 1 6 .4 0 1 0 .2 7 1 .6 0
M u z a f fa rg a rh 6 21 .00 1 5 .2 9 1 .3 7 9 11 .22 1 2 .5 0 0 .9 0
Dera Ghazi 
Khan 9 2 0 ,4 4 1 6 .1 4 1 .2 7 9 2 0 .4 4 1 6 .1 4 1 .27
B ahaw alpur 2 2 7 .0 0 3 4 .50 0 .7 8 7 1 4 .1 4 18 .51 0 .76
Bahawal
N agar 2 2 8 .0 0 20 .76 1 .3 6 7 1 6 .1 4 1 1 .0 7 1 .46
Rahim Yar 
Khan 2 2 5 .0 0 2 3 .57 1 .06 10 8 .1 0 10 .61 0 .76
PANJAB 94 1 8 .82 1 4 .5 4 1 .2 9 202 1 1 .6 1 9 .92 1 .1 7
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F ig u re  2 .6  shows t h e  c o m p o s i te  g ro u p s  o f  c o n c e n t r a t i o n  i n  th e  d i s t r i c t s .  
The maximum c o n c e n t r a t i o n  i s  o b s e rv e d  i n  t h e  d i s t r i c t s  o f  S i a l k o t ,  
S a rg o d h a ,  Rahim Y ar Khan and J h a n g ,  where more t h a n  h a l f  o f  t h e i r  towns 
a re  l o c a t e d  a t  d i s t a n c e s  low er  th a n  t h e i r  t h e o r e t i c a l  e x p e c te d  mean 
d i s t a n c e s  ( Yg ) ,  w h i l e  t h e  new ly s e t t l e d  d i s t r i c t s  ( i n  t h e  C anal 
C olony) o f  L y a l lp u r  and S ah iw a l  i n d i c a t e  a c o m p le t^  r e g u l a r  p a t t e r n  
w i th  no town l o c a t e d  a t  t h e  d i s t a n c e  o f  low er  th e n  th e  * y g  ' v a lu e s  
o f  t h e  o v e r a l l  d i s t r i c t .  These  d i s t r i c t s  a r e  th e n  f o l lo w e d  by S h e ik h u ­
p u ra  and M ultan  w here  h a r d l y  a few p a tc h e s  o f  c o n c e n t r a t i o n  a re  fo u n d .
I t  s u g g e s t s  t h a t  t h e  d i s t r i b u t i o n  o f  u rb a n  s e t t l e m e n t s  to o k  p l a c e  i n  
t h e  new ly s e t t l e d  C anal Colony d i s t r i c t s  a t  a r e g u l a r  s p a c e .  I n  th e  
l i g h t  o f  t h i s  r e g u l a r  d i s t r i b u t i o n  o f  th e  s e t t l e m e n t s ,  t h e  h i g h e r  s c o r e s  
o f  t h e s e  d i s t r i c t s  a r e  a l s o  e x p e c te d  on th e  i n d i c e s  o f  c o n n e c t i v i t y  and 
n o d a l  a c c e s s i b i l i t y  (w hich  a r e  t o  be m easured  i n  t h e  n e x t  C h a p te r  ) .
The l i n e a r  c o n c e n t r a t i o n  a lo n g  t r a n s p o r t a t i o n  r o u t e s  i s  a l s o  found  i n  
th e  d i s t r i c t s  o f  M ia n w a l i ,  S a rg o d h a  and Jh an g  where new s e t t l e m e n t s  
seem t o  have  a p p e a re d  (be tw een  th e  p r e - e x i s t i n g  c e n t r e s  on r a i l w a y  l i n e s )  
w i th  deve lopm en t o f  r o a d  t r a n s p o r t .
Looking a t  t h e  c l u s t e r s  a round  D i s t r i c t  H e a d q u a r t e r s ,  w hich h o ld  
im p o r ta n t  p o s i t i o n s  i n  te rm s  o f  p o l i t i c a l ,  economic and a d m i n i s t r a t i v e  
a c t i v i t i e s ,  i t  i s  i n t e r e s t i n g  t o  n o te  t h a t  e x c e p t  f o r  t h e  s i x '  d i s t r i c t s  
o f  G u j r a t ,  M ia n w a l i ,  M u z a f f a r g a rh ,  Dera Ghazi Khan, B ahaw alpur and Rahim 
Yar Khan t h e r e  i s  no D i s t r i c t  H e a d q u a r te r s  town l o c a t e d  t o  i t s  n e a r e s t  
n e ig h b o u r  tow n, w i t h  t h e  d i s t a n c e  l e s s  t h a n  t h e i r  t h e o r e t i c a l  d i s t a n c e  
) .  I t  s u g g e s t s  t h a t  th e  e x i s t e n c e  o f  t h e  D i s t r i c t  H e a d q u a r te r s  
h a s  been  a b a r r i e r  t o  th e  g row th  o f  new s e t t l e m e n t s  i n  t h e i r  h i n t e r ­
l a n d s .  The e x c e p t io n s  i n  t h i s  c a se  can  be e x p la i n e d  due to  e i t h e r  an 
a l r e a d y  e x i s t i n g  o l d  town o r  an im p o r ta n t  t r a n s p o r t  n o d e .
S i m i l a r l y  com paring  th e  t h e o r e t i c a l  v a lu e s  ( 7 * >  o f  t h e  d i s t r i c t s  to  
t h e  w hole  P a n ja b ,  t h e r e  a r e  t e n  d i s t r i c t s  h a v in g  h i g h e r  v a lu e s  w h i le  
th e  r e m a in in g  n in e  d i s t r i c t s  w i th  low er  v a l u e s  d e p i c t  th e  h i g h e r
c o n c e n t r a t i o n  o f  u r b a n  s e t t l e m e n t s  f o r  d e m a rc a t in g  th e  p o i n t s .  The 
d i s t r i c t s  w i th  h i g h e r  t h a n  th e  P a n ja b  show low er  c o n c e n t r a t i o n  o r  
w id e r  s p a c in g  o f  u r b a n  s e t t l e m e n t s  i n  t h e i r  l o c a t i o n s  and a re  i n c lu d e d  
i n  e i t h e r  t h e  h i l l y  d i s t r i c t s  o f  R aw alp ind i  and Cam pbelpur where th e  
p h y s io g ra p h y  does  n o t  p e r m i t  th e  growth o f  s e t t l e m e n t s  o r  th e  l a r g e r  
s i z e  d i s t r i c t s  o f  B ahaw alpur and Dera Ghazi Khan h a v in g  a s m a l l e r
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number o f  towns a s  compared t o  t h e i r  s i z e s .
A c om par ison  be tw een  'R '  v a lu e s  o f  d i s t r i c t s  and *R* v a lu e s  o f  t h e  
P a n ja b  a s  a  whole  shows t h a t  t h e r e  a r e  11 d i s t r i c t s  w i t h  h i g h e r  
v a lu e s  them t h e  P a n ja b  and s u g g e s t  c o m p a r a t iv e ly  h i g h e r  q u a l i t y  o f  
a p p ro a c h in g  u n i fo r m  o r  d i s p e r s e d  c h a r a c t e r i s t i c s  w h i l e  t h e  r e m a in in g  
e i g h t  d i s t r i c t s  show a more c l u s t e r i n g  p a t t e r n  o f  d i s t r i b u t i o n .
S i m i l a r l y  t e n  d i s t r i c t s  have  h i g h e r  'R '  v a lu e s  and e i g h t  d i s t r i c t s  
w i th  lo w e r  th a n  t h e i r  r e s p e c t i v e  d i v i s i o n s  as  a w hole  ( s e e  T ab le  2 . 7 b ) .  
Only t h e  d i s t r i c t  o f  Jh an g  h a s  t h e  same v a lu e s  o f  *R' s t a t i s t i c  o f  
S a rgodha  d i v i s i o n  as a  w h o le .  T h is  e x h i b i t s  s i m i l a r  c h a r a c t e r i s t i c s  
t o  S arg o d h a  d i v i s i o n  as a  whole  w i th  i t s  c e n t r a l  Jh a n g  d i s t r i c t ,  i n  
r e s p e c t  o f  d i s t r i b u t i o n  p a t t e r n .
2 ,1 3  H y p o th e s is
A f t e r  o b t a i n i n g  a d e s c r i p t i v e  p o s i t i o n  f o r  th e  d i s t r i c t w i s e  
s e t t l e m e n t  p a t t e r n  i t  i s  p o s s i b l e  t o  ap p ly  a s i g n i f i c a n c e  t e s t  to  t h e  
a n a l y s i s ,  t o  d e c id e  how p r o b a b le  i t  i s  t h a t  th e  o b s e rv e d  a r ra n g e m e n ts  
o f  t h e  p o i n t s  o c c u r r e d  by c h a n c e .  The f o l lo w in g  h y p o t h e s i s  i n  t h i s  
r e s p e c t  i s  t e s t e d  th ro u g h  •C * v a lu e  s t a t i s t i c  t e s t  .
1 . Hq i s  t h a t  th e  p a t t e r n  o f  s e t t l e m e n t  i s  s i m i l a r  t o  a  p a t t e r n  
p ro d u ce d  by th e  in d e p e n d e n t  random l o c a t i o n  o f  each  p o i n t  o r  th e  
o b s e rv e d  a r ra n g e m e n t  i s  t h e  r e s u l t  o f  p o i n t s  b e in g  l o c a t e d  a t  random 
w i t h i n  t h e  s tu d y  r e g i o n .
2 . i s  t h a t  t h e  s e t t l e m e n t s  a re  d i s t r i b u t e d  i n  a manner t h a t  i s  
n o t  random .
The l a s t  t e s t  t h e r e f o r e  shows t h a t  t h e  n u l l  h y p o t h e s i s  can  be r e j e c t e d  
a c c o r d in g  t o  t h e  d e c id e d  l e v e l  o f  s i g n i f i c a n c e  f o r  t h e  r e g i o n  o f  t h e  
P a n ja b  as  a  w hole  and s u g g e s t s  t h a t  t h e  a r ra n g e m e n ts  shown i n  th e  
r e g i o n  can  be c o n s id e r e d  t o  be s i g n i f i c a n t l y  d i s p e r s e d  ' - 0 0 1 * l e v e l  -  
a v e r y  h ig h  l e v e l  o f  s i g n i f i c a n c e .  For s m a l l e r  u n i t s  o f  d i v i s i o n s  t h e  
n u l l  h y p o t h e s i s  c an  be r e j e c t e d  f o r  R a w a lp in d i ,  L aho re  and M ultan 
showing a s i m i l a r  l e v e l  o f  s i g n i f i c a n c e .  On th e  o t h e r  hand  th e  d i v i s i o n s
I t  i s  b a sed  on th e  d i f f e r e n c e  betw een d , and d and i s  v e ryob r a n  J
s i m i l a r  i n  form  t o  S tu d n e ts  ' t* t e s t .
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o f  S argodha  and Bahaw alpur w hich  show t h e i r  a p p ro x im a t io n  t o  a 
random ly  g e n e r a te d  d i s t r i b u t i o n .  I t  s u g g e s t s  t h a t  t h e  p a t t e r n  r e v e a l e d  
i s  c l o s e  t o  t h e  d i s t r i b u t i o n  w hich w ould o c c u r  i f  each  p o i n t  was 
i n d e p e n d e n t ly  l o c a t e d  and th e  r e s u l t  o f  'c h a n c e * ,
On th e  b a s i s  o f  t e s t  a p p l i e d  on d i s t r i c t  l e v e l  p a t t e r n  o f  d i s t r i ­
b u t io n  th e  n u l l  h y p o t h e s i s  i s  r e j e c t e d  a t  minimum 0 ,0 1  s i g n i f i c a n t  
l e v e l ,  i n  t h e  t h r e e  d i s t r i c t s  o f  L a h o re ,  G u jran w a la  and Bahawal N agar ,  
showing t h a t  th e  d i s t r i b u t i o n  m igh t  be e x p e c te d  t o  o c c u r  th ro u g h  chance  
v a r i a t i o n s  l e s s  t h a n  once i n  a 100 ( c o m p a r a t iv e ly  lo w er  t h a n  th e  l e v e l  
f o r  t h e  P a n ja b  as  a w h o le ) ,  w h i l e  i n  th e  d i s t r i c t s  o f  R a w a lp in d i ,  
S h e ik h u p u ra ,  M ultan  and S a h iw a l ,  t h e  h y p o th e s i s  i s  r e j e c t e d  a t  0 .001  
l e v e l  showing a chance  v a r i a t i o n  l e s s  th a n  once i n  a  1000  ( a  v e ry  h ig h  
l e v e l  o f  s i g n i f i c a n c e ) .
As t h i s  i s  t h e  m a th e m a t ic a l  r e l a t i o n s h i p  and t h e r e  i s  good r e a s o n  to  
b e l i e v e  t h a t  th e  s l i g h t  c l u s t e r s  and th e  b lan k  a r e a s  i n  t h e  p a t t e r n ,  
a l th o u g h  t o  be e x p e c te d  i n  a  random d i s t r i b u t i o n  a r e  p a r t l y  t h e  r e s u l t  
o f  t h e  i n f l u e n c e  o f  p h y s i c a l  f a c t o r s .  I t  m a in ly  i n c l u d e s  t h e  d i s t r i -  • 
b u t i o n  o f  modes o f  t r a n s p o r t a t i o n ,  s e r v i c e  c e n t r e s ,  m a rk e t  f a c i l i t i e s ,  
i n t e r l i n k i n g  c h a r a c t e r i s t i c s  o f  u r b a n  s e t t l e m e n t s  on t h e i r  ca tc h m e n t  
a r e a s  and d i s t r i b u t i o n  o f  c e n t r e s  a c c o r d in g  t o  t h e i r  econom ic and 
a d m i n i s t r a t i v e  a c t i v i t i e s  as  w e l l  as  t h e i r  r e l a t i v e  a c c e s s i b i l i t y  i n  
th e  r e g i o n .
I t  i s  o b s e rv e d  t h a t  t h e  v a r i a t i o n s  i n  p h y s i c a l  c o n d i t i o n s ,  economic
p o t e n t i a l i t i e s  and r o a d  r a i l  d e n s i t i e s  i n  t h e  r e g i o n  n a t u r a l l y  r e s u l t
i n  marked c o n t r a s t s  be tw een  th e  d i s t r i b u t i o n  o f  towns a t  any one t im e ,
w hereas  some a r e a s  m igh t  e x h i b i t  a  random p a t t e r n  o t h e r s  m igh t te n d
tow ards  c l u s t e r i n g  o r  r e g u l a r  d i s t r i b u t i o n s .  S i m i l a r l y ,  t h e  o v e r a l l
sy s tem  can  v a r y  a c c o r d in g  t o  i t s  'R* v a lu e s  be tw een  th e  two d i f f e r e n t
p e r i o d s .  The f o c u s  o f  t h i s  s tu d y  i s  to  u n d e r s t a n d  t h e  s p a t i a l  changes
i n  u rb a n  g row th  w i th  p a r t i c u l a r  r e f e r e n c e  t o  t h e  p e r i o d  be tw een  1931-
1971, t h e r e f o r e  t o  compare t h e  s p a t i a l  d i s t r i b u t i o n  o f  tow ns i n  th e
d i s t r i c t s  o f  th e  P a n ja b  w i th  an e a r l i e r  d a te  (1931 )  t h e  n e a r e s t
n e ig h b o u r  a n a l y s i s  h a s  a l s o  been  computed by th e  same p r o c e d u re  ( w h i le
two towns w ere  added  i n  t h e  two rem ote  d i s t r i c t s  w hich  had  one town
each  i n  1 9 3 1 ) .  I t  was done t o  f o l l o w  th e  r u l e  t h a t  " t h e  r e g i o n s  e i t h e r  
U-
shou ld^em pty  o r  c o n t a i n  a t  l e a s t  two tow ns" ,  King (1 9 6 2 ) .  T h is  w i l l
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be h e l p f u l  i n  u n d e r s t a n d in g  th e  c o n n e c t io n  o f  ' s p a c i n g  be tw een  to w n s ' 
and w i th  i n c r e a s i n g  u r b a n i z a t i o n ,  d u r in g  th e  p e r i o d  o f  r o a d  d e v e lo p ­
ment (1 9 3 1 -7 1 )  i n  t h e  r e g i o n .
T ab le  2 ,7 b  g iv e s  th e  'R '  v a l u e s  f o r  a l l  t h e  19 d i s t r i c t s  i n  1931 
r a n g in g  from  a h ig h  te n d e n c y  tow ards  random 0 ,7 8  (B ah aw a lp u r)  t o  a 
p a t t e r n  f a r  more r e g u l a r  th a n  th e  random 2 ,0 2  ( S h e ik h u p u r a ) , Such 
c o n t r a s t s  a r e  e x p e c te d  i n  a r e g i o n  w i th  v a r y i n g  p h y s i c a l  and human 
s u b - r e g i o n s .  I n  1931 , a  t e n d e n c y  tow ards  a d i s p e r s i o n  p a t t e r n  i s  more 
p r e v a l e n t  as  e i g h t  o f  t h e s e  d i s t r i c t s  have d i s p e r s i o n  v a l u e s  (more 
t h a n  1 , 5 7 ) ,  A l l  t h e s e  d i s t r i c t s  c o v e r  th e  n o r t h e r n  h a l f  o f  th e  r e g i o n .  
There  a r e  s e v e n  d i s t r i c t s  o f  Cam pbelpur, G u j r a t ,  J h a n g ,  M u lta n ,  
M u z a f f a rg a rh ,  Dera Ghazi Khan and Bahawal N ag a r ,  w i t h  a p p ro a c h in g  
u n i fo rm  c h a r a c t e r i s t i c s ,  w h i le  S a rg o d h a ,  S i a l k o t  and Rahim Yar Khan had  
random p a t t e r n s  a t  t h a t  t im e  (1 9 3 1 ) ,  o n ly  Bahawalpur d i s t r i c t  had  th e  
te n d e n c y  to w a rd s  a c l u s t e r i n g  n a t u r e .  P r a c t i c a l l y ,  t h i s  p a t t e r n  i n  
B ahaw alpur seems m is l e a d i n g  b e c a u se  o f  i t s  huge s i z e  and an a d d i t i o n  o f  
a town f o r  t h e  p u rp o se  o f  a n a l y s i s .  A p a r t  from  t h a t  t h e  g e n e r a l  
p a t t e r n  o f  1931 , c l e a r l y  i n d i c a t e s  a  h ig h  te n d e n c y  to w a rd s  d i s p e r s i o n .  
With th e  a p p l i c a t i o n  o f  t h e  t e s t  t h e  n u l l  h y p o t h e s i s  i s  r e j e c t e d  a t  
a s i g n i f i c a n c e  l e v e l  o f  0 ,0 1 ,  f o r  th e  d i s t r i c t s  o f  J h e lu m , M ianw ali ,  
L y a l l p u r ,  L a h o re ,  G u jra n w a la ,  S h e ik h u p u ra  and S a h iw a l  showing t h a t  
t h e i r  d i s t r i b u t i o n s  were e x p e c te d  t o  o c c u r  th ro u g h  chance  v a r i a t i o n s  
l e s s  t h a n  once i n  a 100 ( a n  a c c e p t a b l e  l e v e l  o f  s i g n i f i c a n c e ) .  The 
d i s t r i c t s  showing a te n d e n c y  to w a rd s  th e  d i s p e r s i o n  d u r in g  t h i s  p e r i o d  
a re  ( i n  o r d e r )  M u lta n ,  R a w a lp in d i ,  S i a l k o t ,  G u j r a t  and Bahawal Nagar 
w h i le  S a h iw a l  and D era  Ghazi Khan show no ch an g e .  A h ig h  changes  from  
d i s p e r s i o n  t o  random and c l u s t e r e d  p a t t e r n  a r e  s i g n i f i c a n t  i n  th e  
d i s t r i c t s  o f  M ianw ali  and Jhe lum  and th e n  f o l lo w e d  by M u z a f f a r g a rh ,  
Jhang  and S h e ik h u p u ra .  I t  shows t h a t  t h e r e  h a s  been  a g e n e r a l  d e c r e a s e  
w i th  i n c r e a s i n g  u r b a n i z a t i o n .  T ab le  2 .7 b  s u g g e s t s  t h a t  t h e  v a lu e s  f o r  
1931 a re  w id e ly  s c a t t e r e d  betw een  v e r y  h ig h  t e n d e n c i e s  to w a rd s  a 
r e g u l a r  p a t t e r n  as  com pared to  t h e  t e n d e n c ie s  to w a rd s  c l u s t e r e d  
d i s t r i b u t i o n s .  The a r r a y  o f  v a lu e s  f o r  1971 shows a r a t h e r  g e n e r a l  
s h i f t  to w a rd s  random and a g g r e g a t i o n .  I t  seems t h a t  i n c r e a s i n g  
u r b a n i z a t i o n  h a s  p ro d u ce d  an u r b a n  p a t t e r n  f o r  more random th a n  e i t h e r  
c l u s t e r e d  o r  h e x a g o n a l .  I t  a l s o  r e f l e c t s  t h e  i n c r e a s i n g  number o f  
p r o c e s s e s  a f f e c t i n g  u r b a n i z a t i o n  i n  t h e  r e g i o n .
To u n d e r s t a n d  t h e  s t a b i l i t y  o f  t h e  p a t t e r n  d u r in g  t h i s  p e r i o d ,  i n  
t h i s  s tu d y  th e  c o n c e p t  o f  s t a b i l i t y  i s  t a k e n  t o  mean a s e t t l e m e n t  
p a t t e r n  f o r  w hich  th e  v a lu e s  o f  'R* do n o t  v a ry  by more t h a n  0 .2 0  
d u r in g  th e  p e r i o d ;  t h e  p a t t e r n  i s  u n s t a b l e  when th e  v a r i a t i o n  i n  'R ' 
i s  g r e a t e r  t h a n  0 .2 0 .  There  a r e  seven  d i s t r i c t s  w hich  i n  s p i t e  o f  
an i n c r e a s e  i n  th e  number o f  s e t t l e m e n t s  have th e  s t a b l e  p a t t e r n ,  w h i le  
Dera Ghazi Khan h a s  no change i n  t h e  number o f  s e t t l e m e n t s .  The 
maximum s t a b i l i t y  i n  t h e  p a t t e r n  o f  t h e  d i s t r i b u t i o n  c an  be o b s e rv e d  i n  
t h e  d i s t r i c t s  o f  S a h iw a l  and B ahaw alpur,  f o l lo w e d  by G u j r a t ,  S a rgodha  
and Bahawal N a g a r ,  showing minimum changes  i n  t h e i r  'R '  v a l u e s  b u t  
maximum change i n  t h e  number o f  s e t t l e m e n t s .  I t  r e f l e c t s  t h a t  i n  t h e s e  
d i s t r i c t s  th e  change  i n  Y 0b was a c c or d in g  t o  th e  Y  ex  change and th e  
g row th  o f  s e t t l e m e n t s  was smooth w i th  s p a c in g  s i m i l a r  t o  t h a t  o f  1931.
The g e n e r a l  p a t t e r n  o f  t h e  w hole  o f  t h e  P a n ja b  r e g i o n  i s  a l s o  s t a b l e  
and shows a t e n d e n c y  from  u n i fo rm  t o  random d u r in g  t h e  p e r i o d  o f  1931- 
1971 .
Changes i n  'R '  v a l u e s  f o r  p a r t i c u l a r  d i s t r i c t s  a r e  q u i t e  i n t e r e s t i n g .  
For exam ple i n  t h e  d i s t r i c t  o f  Jhe lum  and M ianw ali t h e  t e n d e n c y  f o r  h ig h  
change from  d i s p e r s i o n  t o  random r e f l e c t s  t h e  c o n s t r u c t i o n  o f  r o a d s  
w hich have  become new modes f o r  s e t t l e m e n t  d e v e lo p m e n t .  S i m i l a r l y  t h e  
change i n  L ahore  d i s t r i c t  from  d i s p e r s i o n  t o  u n i fo rm  i s  a  r e f l e c t i o n  o f  
r o a d  d e v e lo p m e n t ,  t o  c o n n e c t  t h e  main c i t y  o f  Lahore  t o  t h e  o t h e r  r e g i o n s ,  
th ro u g h  th e  d i s t r i c t .  Sometimes i n  t h e  v a s t  a r e a s  t h e  f o r c e s  o f  u r b a n ­
i z a t i o n  c a u s e  d e p r e s s i o n  o r  show a ten d e n c y  to w a rd s  random  i n s t e a d  o f  
c o n c e n t r a t i o n .  I n  t h e  c a s e  o f  M ultan  d i s t r i c t ,  i t  i s  o b s e rv e d  t h a t  th e  
t h i n n i n g - o u t  o f  t h e  u r b a n  p a t t e r n  ( 1 .2 3  t o  1 .6 8 )  i s  due t o  a g r i c u l t u r e  
and r o a d  d e v e lo p m e n t ,  w hich  h a v e  changed  th e  sm a l l  s e t t l e m e n t s  i n t o  
u r b a n  c e n t r e s  w i th  c o m p a r a t iv e ly  w id e r  s p a c in g .  S i m i l a r  t r e n d s  a r e  
n o t i c e a b l e  i n  t h e  d i s t r i c t s  o f  Bahawal N ag a r ,  S i a l k o t ,  G u j r a t  and 
R a w a lp in d i .
F i n a l l y  i t  i s  c o n c lu d e d  t h a t  t h e  o v e r a l l  p a t t e r n  o f  t h e  r e g i o n  i s  
s t a b l e  and th e  d i s c u s s i o n  s u g g e s t s  t h a t  a l l  s u b - r e g io n s  a r e  n o t  s u b j e c t  
t o  t h e  same s p a t i a l  f o r c e s .  T h is  a n a l y s i s  o f  s p a c in g  and changes  
be tw een  1931-1971 i s  u s e f u l  f o r  t h e  s u b s e q u e n t  s tu d y  as  i t  r e f l e c t s  t h e  
c h a n g in g  f o r c e s  o f  u r b a n i z a t i o n  i n  t h e  r e g i o n .
C h a p te r  3
HISTORICAL DEVELOPMENT OF TRANSPORT NETWORKS
3 .1  I n t r o d u c t i o n  (B ackground)
The backbone o f  th e  r e g i o n ' s  t r a n s p o r t  sy s tem  i s  a b ro ad  gauge 
r a i l w a y  n e tw o rk  w h ic h ,  from  th e  s t a r t ,  h a s  had  i t s  c e n t r e  a t  L a h o re .
I t  i s  a sy s tem  o f  main l i n e s ,  one i n  each  o f  t h e  f i v e  p a r a l l e l  r i v e r  
' d o a b s ' ,  i n t e r l i n k e d  and s t r e t c h i n g  from th e  c o a s t  t o  t h e  A f g h a n is t a n  
f r o n t i e r s .  The m ain  l i n e  l e a d s  t o  K a ra ch i  w i th  a n o th e r  s e p a r a t i n g  i t  
and l e a d i n g  t o  Q u e t ta  ( B a l u c h i s t a n ) .  S upp lem en ting  th e  r a i l w a y s ,  a 
ro a d  n e tw o rk  c o v e r s  t h e  same g round  on a r o u g h ly  s i m i l a r  p a t t e r n ,  
m ost o f  i t  c o n c e n t r a t e d ,  a g a in ,  i n  t h e  po p u lo u s  p a r t s  o f  th e  Indus  
B as in  ( s e e  F ig u r e s  1 .1  and 2 . 3 ) .
The h i s t o r y  o f  t h e  deve lopm en t o f  th e  r a i l  n e tw o rk  goes  back to  
1844, when th e  p r o p o s a l s  f o r  r a i l w a y  c o n s t r u c t i o n  i n  I n d i a  were mooted 
i n  E n g la n d .  The E a s t  I n d i a  Company, w hich t h e n  r u l e d  t h e  S u b -C o n t in e n t  
gave c o n t r a c t s  t o  B r i t i s h  Companies th ro u g h  a sy s tem  o f  g u a ra n te e d  
r e t u r n s ,  u n d e r  w hich  two sm a l l  r a i l w a y  l i n e s  were made n e a r  C a l c u t t a  
and Bombay. Lord D a lh o u s ie  em phas ised  th e  im p o r ta n c e  o f  r a i l w a y  con­
s t r u c t i o n  i n  I n d i a ,  i n  h i s  famous m in u tes  o f  1053, He recommended a 
sy s tem  o f  t r u n k  l i n e s  c o n n e c t in g  th e  i n t e r i o r  o f  each  p r e s i d e n c y  w i th  
i t s  p r i n c i p a l  p o r t s .  He f a v o u r e d  c o n s t r u c t i o n  th ro u g h  p r i v a t e  companie 
u n d e r  th e  s u p e r v i s i o n  and c o n t r o l  o f  governm en t.  C o n s e q u e n t ly ,  be tw een  
1854 and 1880 c o n t r a c t s  were e n t e r e d  i n t o  w i th  e i g h t  com panies  and 
a c c o r d in g  t o  M alik  (1962) t h e  f i r s t  p o r t i o n  o f  th e  r a i l w a y  l i n e  o f  th e  
P a n jab  ( P a k i s t a n )  was opened on 10-4-1862  betw een  Wagah and Lahore and 
by th e  end o f  August 1870, L ahore  was c o n n e c te d  w i th  M u lta n .
The maximum r a i l  ne tw o rk  c o n s t r u c t i o n  to o k  p l a c e  b e f o r e  1930 ( s e e  
F ig u re  3 .1 a )  and a f t e r  t h a t  t h e  main a t t e n t i o n  was g iv e n  t o  t h e  con­
s t r u c t i o n  o f  r o a d s  t o  f e e d  th e  r a i l w a y .  A f t e r  p a r t i t i o n  (1947) t h e  
r o a d s  dom ina ted  th e  r a i l w a y s  on d i s t r i c t  o r  d i v i s i o n  l e v e l  ( i n  t h e  
r e g i o n )  as  i n  o t h e r  l e s s  d e v e lo p e d  C o u n t r i e s .  As Hodder (1971) w r i t e s
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“ I n  l e s s  d e v e lo p e d  c o u n t r i e s  th e  r a i l w a y ,  f o r  lo n g  t h e  m ajo r  s t im u lu s  
t o  econom ic deve lopm en t and symbol o f  C o lo n ia l  economic power o v e r  many 
a r e a s ,  a r e  g r a d u a l l y  b e in g  r e p l a c e d  and e x te n d e d  by l e s s  e x p e n s iv e  and 
more f l e x i b l e  r o a d  n e tw o rk s " .  I n  th e  P a n jab  t h i s  dominance o f  r o a d s  i s  
due t o  th e  f o l l o w in g  a d v a n ta g e s  as  compared t o  t h e  r a i l w a y :
i .  Roads p r o v id e  a g r e a t  f l e x i b i l i t y  o f  s e r v i c e  s i n c e  numerous 
r o u t e s  and d e s t i n a t i o n s  a re  p o s s i b l e .
i i .  The r o a d  n e tw ork  o f f e r s  d i r e c t n e s s  and th e  p o s s i b i l i t y  o f  doo r  t o  
door com m un ica t ion .
i i i .  Speed and c o s t  o v e r  s h o r t  d i s t a n c e s  i s  more f a v o u r a b le  t h a n  t h a t  
o f  t h e  r a i l w a y .
i v .  Roads o f f e r  maximum a c c e s s  a lo n g  t h e i r  l i n e  s i d e  and have maximum 
scope f o r  i n t e r v e n i n g  o p p o r t u n i t y .
v .  Roads p r o v id e  b e t t e r  f r e q u e n c y  and e f f i c i e n c y  o v e r  s h o r t  d i s t a n c e s .
3 .2  Road Development
A lthough  th e  h i s t o r y  o f  r o a d  developm ent i n  t h e  r e g i o n  goes back to  
th e  Mughal p e r i o d ,  t h e / e r a  o f  r o a d  c o n s t r u c t i o n  was i n i t i a t e d  by th e  
B r i t i s h  Government, w i th  t h e  c r e a t i o n  o f  th e  P u b l i c  Works D epar tm en ts  
(PWD) b o th  i n  th e  p r o v in c e s  and a t  th e  c e n t r e .  The e a r l i e r  c o n s t r u c t e d  
r o a d s  w ere  b a d ly  n e g le c t e d  i n  a d d i t i o n  t o  b e in g  in a d e q u a te  and th e  
g o v e rn m e n t 's  e f f o r t s  l e d  t o  th e  r e v i v a l  o f  th e  Grand T runk  Road, l i n k i n g  
Peshaw ar w i th  D e lh i  and C a l c u t t a .  T h is  r o a d  h a s  been  th e  g r e a t  highway 
f o r  a rm ie s ,  t r a d e r s  and t r a v e l l e r s  from C e n t r a l  A s ia  and E u rope . Lying 
as  i t  does i n  n o r t h e r n  P u n ja b ,  t h i s  ro a d  was marked w i t h  a s t r i n g  o f  
towns commanding r i v e r  c r o s s i n g s  o r  c e n t r a l  p o s i t i o n s  on th e  'doabs* 
( T r e v a s k i s  1 9 2 8 ) .
A no the r  r e l a t i v e l y  l e s s  f r e q u e n t e d ,  b u t  q u i t e  im p o r ta n t  t r a d e  r o u t e  
t h a t  t r a v e r s e d  t h e  r e g i o n  came from  th e  n o r th - w e s t  th ro u g h  Kabul i n  
A f g h a n is t a n  and p a s s i n g  th ro u g h  Bannu and C h i n i o t ,  c o n v e rg ed  a t  L a h o re .  
A p ar t  from  t h e s e ,  t h e r e  was no r o a d  i n  th e  r e g i o n  t h a t  c o u ld  be u s e d  by 
t r a v e l l e r s  u n t i l  t h e  tim e  o f  B r i t i s h  r u l e .  The in a d e q u a c y  was b a d ly
fU-
f e l t  b y /B r i t i s h *  , as  i s  e v i d e n t  by th e  a d m i n i s t r a t i v e  r e p o r t s  (1 9 1 7 -  
1918) o f  I n d i a .  "Among th e  d i f f i c u l t i e s  which h i n d e r  t h e  p ro c e s s  o f  
I n d ia n  a g r i c u l t u r e ,  d e s p i t e  th e  e f f o r t s  o f  t h e  A g r i c u l t u r a l  and Co­
o p e r a t i v e  d e p a r tm e n t s ,  may be m en tio n ed  th e  l a c k  o f  good r o a d s .  Some
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o f  th e  b e s t  a g r i c u l t u r a l  d i s t r i c t s  i n  I n d i a  a r e  c u t  o f f  from  Trunk 
Roads and r a i l w a y s  and a r e  i n a c c e s s i b l e  f o r  m ost o f  t h e  r a i n y  s e a s o n " .  
The r e p o r t  f o r  1919-1920 added , "The same r o c k  upon w hich  th e  Moghal 
Empire f i n a l l y  s p l i t  s t i l l  r e m a in s  a f o rm id a b le  o b s t a c l e  t o  t h e  p r o g r e s s  
o f  modern i n d u s t r y .  U n ceas in g  e f f o r t s  and e x p e n d i t u r e  upon a s c a l e  
h i t h e r t o  im p o s s ib l e  w i l l  be n e c e s s a r y  i f  th e  Com m unications o f  I n d i a  
a r e  t o  be a d e q u a te  f o r  t h e  r e q u i r e m e n ts  o f  th e  C o u n t ry " .
I n  1927 a Committee known as  th e  I n d i a n  Road Development Committee 
was a p p o in te d  t o  c o n s id e r  t h e  m ajo r  p rob lem  o f  co m m u n ic a t io n s .
The Committee was o f  th e  o p in io n  t h a t  t h e  deve lopm en t o f  t h e  r o a d  sys tem  
was d e s i r a b l e  f o r  th e  g e n e r a l  w e l f a r e  o f  t h e  c o u n t r y  a s  a whole and i n  
p a r t i c u l a r  f o r :
i .  t h e  b e t t e r  m a rk e t in g  o f  a g r i c u l t u r a l  p ro d u c e ,  
i i .  t h e  s o c i a l  and p o l i t i c a l  p r o g r e s s  o f  t h e  r u r a l  p o p u l a t i o n  w hich 
w i l l  be advanced  by t h e  i n c r e a s e d  u s e  o f  m otor  t r a n s p o r t  and 
i i i .  as  a  complement t o  r a i l w a y  dev e lo p m en t,
( A d m in i s t r a t i o n  R e p o r ts  o f  I n d i a ) .
I n  th e  m ean tim e, i n  December 1943, a  r o a d  c o n f e r e n c e  o f  P r o v i n c i a l  
C h ie f  E n g in e e r s  was h e ld  a t  Nagpur t o  c h a lk  o u t  a p l a n  f o r  r o a d  d e v e lo p ­
ment i n  I n d i a .  The C h ie f  E n g in e e r s  came t o  th e  c o n c lu s i o n  t h a t  I n d i a  
must i n c r e a s e  i t s  r o a d  m ilea g e  by 400 ,000  m i le s  o v e r  a p e r i o d  o f  20 
y e a r s . ( V a k i l  1 9 5 0 ) ,  The p l a n  had  n o t  y e t  r e a c h e d  th e  s t a g e  o f  im p le ­
m e n ta t io n  when p a r t i t i o n  to o k  p l a c e .  At th e  t im e  o f  p a r t i t i o n ,  t h e  
r o a d  m ile a g e  f o r  t h e  P a n jab  ( P a k i s t a n )  was 2 ,6 9 4  m i l e s  o f  s u p e r i o r  
s u r f a c e  r o a d s  and o n ly  410 m i l e s  o f  m e t a l l e d  r o a d s .
3 .2 a  Main Highways o f  t h e  P a n jab
Roads i n  t h e  r e g i o n  may be c l a s s i f i e d  i n t o
i .  N a t io n a l  Highways
i i .  P r o v i n c i a l  Highways
i i i .  D i s t r i c t  Roads and
i v .  V i l l a g e  R oads.
The N a t io n a l  Highways c o n n e c t  l a r g e  towns and c i t i e s  w h i le  th e  
P r o v i n c i a l  Highways a r e  th e  main a r t e r i e s  o f  commerce w i t h i n  each  
p r o v in c e  and a r e  c o n n e c te d  w i th  th e  N a t io n a l  H ighw ays. The d i s t r i c t
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r o a d s  c o n n e c t  t h e  p ro d u c in g  c e n t r e s  i n  t h e  d i s t r i c t s  w i th  t h e  h ighways 
and r a i l w a y  s t a t i o n s .  The v i l l a g e  r o a d s  a r e  m o s t ly  'K a c h a ' t r a c k s  
c o n n e c t in g  v i l l a g e  w i th  v i l l a g e .  I n  a d d i t i o n  t h e r e  a r e  m u n ic ip a l  
r o a d s  w hich a r e  u n d e r  th e  j u r i s d i c t i o n  o f  m u n ic ip a l  b o d i e s ,  c o r p o r ­
a t i o n s ,  m u n i c i p a l i t i e s ,  e t c .
The main h ighw ays  o f  th e  P a n jab  which were i n  e x i s t e n c e  a t  t h e  tim e 
o f  p a r t i t i o n ,  a r e  b r i e f l y  d e s c r i b e d  b e lo w j ,
i .  The Grand Trunk Road was c o n s t r u c t e d  by S h e r  Shah S u r i  i n  th e  
t h i r t e e n t h  c e n tu r y  f o r  s t r a t e g i c  r e a s o n s  c o n n e c t in g  NWFP w i th  B e n g a l .
The s e c t i o n  t h a t  l i e s  i n  th e  s tu d y  a r e a  s t a r t s  from  A t to c k  and , 
p a s s i n g  th ro u g h  R a w a lp in d i ,  G u j r a t ,  Jhe lum  and L aho re  t e r m i n a t e s  a t  
Wagah on th e  I n d o - P a k i s t a n  b o r d e r .
i i .  The Second Trunk Road c o n n e c t s  L ahore  w i th  K a ra c h i  (S in d )  and 
r u n s  r i g h t  th ro u g h  th e  c o u n t r y  from  n o r t h - e a s t  t o  s o u th - w e s t .  . I t  i s  
made up o f  s e v e r a l  i n t e r  d i s t r i c t  r o a d s  and th e  s e c t i o n  t h a t  l i e s  i n  
th e  s tu d y  a r e a  s t a r t s  from  L ahore  and , p a s s in g  th ro u g h  th e  d i s t r i c t s  
o f  S a h iw a l ,  M u ltan  and Rahimyar Khan c r o s s e s  t h e  b o r d e r  o f  t h e  P a n jab  
n e a r  S a d iq a b a d .  Most o f  t h e  t im e  i t  r u n s  a lo n g s id e  t h e  K a ra c h i -L a h o re  
r a i l w a y  l i n e  and i s  n e v e r  f a r  from  i t .  I t s  com m erc ia l  im p o r ta n c e  i s  
g r e a t  s i n c e  i t  c o n n e c t s  th e  p o r t  o f  K a ra c h i  w i th  t h e  r i c h  a g r i c u l t u r a l  
r e g i o n s  o f  th e  P a n ja b .
A p a r t  from  t h e s e ,  t h e r e  w ere  a few r o a d s  c o n n e c t in g  th e  d i s t r i c t s ;  
t h e s e  were i n a d e q u a t e .  B ecause o f  t h i s  inadequacy , more a t t e n t i o n  has  
been  p a id  t o  r o a d  deve lopm en t d u r in g  r e c e n t  d e c a d e s .
A cco rd ing  t o  t h e  Census o f  1972, t h e r e  i s  h a r d l y  a town i n  th e  r e g i o n  
w hich does n o t  l i e  on a r o a d  o r  bus r o u t e  w h i le  on t h e  o t h e r  hand , 
t h r e e  l a r g e  towns ( o f  more t h a n  2 0 ,000  p o p u l a t i o n )  a r e  n o t  c o n n e c te d  
by r a i l w a y .  The number o f  u n c o n n e c te d  towns (by r a i l w a y )  i n c r e a s e s  i n  
th e  lo w er  c l a s s e s  o f  town.
As t h e r e  a r e  no p r e - p a r t i t i o n  s t a t i s t i c s  a v a i l a b l e  f o r  th e  r o a d s  i n  
t h e  r e g i o n ,  i t  i s  d i f f i c u l t  t o  lo o k  a t  r o a d  d e ve lopm en t th ro u g h  f i g u r e s .  
However, i t  i s  p o s s i b l e  t o  lo o k  a t  t h e  d e g re e  o f  r o a d  deve lopm ent s in c e  
1965 and t h i s  can  be compared w i th  th e  p o s i t i o n  a t  t h e  t im e  o f  p a r t i t i o n .  
I n  t h i s  r e s p e c t  T ab le  3.16-i n d i c a t e s  t h e  d e g re e  o f  deve lopm ent by P i  in d e x  
( s e e  Appendix A) a c c o rd in g  t o  'H igh Type R oads’ and 'A l l  Type R o a d s ' ,
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s e p a r a t e l y .  I t  shows a s y s t e m a t i c  deve lopm en t i n  t h e  r o a d  n e tw o rk ,  
p a r t i c u l a r l y  i n  t h e  h ig h  ty p e  r o a d s .  I t  s u g g e s t s  t h a t  th e  p r o v in c e  
o f  P a n jab  i s  making an a lm o s t  c o n t in u o u s  im provem ent i n  r o a d  t r a n s p o r t  
a s  compared t o  r a i l w a y ,  as  a r e s u l t  o f  th e  a d v a n ta g e s  m en t io n e d  above 
( S e c t i o n  3 . 1 ) .  The l a s t  b u t  n o t  t h e  l e a s t  i m p o r t a n t  f a c t o r  i s  t h e  
a v a i l a b i l i t y  o f  d a t a  f o r  r o a d s  ( t r a f f i c  f low  and r o u t e  l e n g t h )  a c c o r ­
d in g  t o  t h e  a d m i n i s t r a t i v e  d i v i s i o n s  o f  th e  r e g i o n  w h i l e  f o r  r a i l w a y s ,  
d a t a  a r e  a v a i l a b l e  a c c o r d in g  to  t h e  r a i l w a y  u n i t s  w hich  a r e  d i f f e r e n t ,
3 .3  Growth o f  R a i l  Network
I n  t h i s  s e c t i o n  an a t t e m p t  h a s  been  made t o  lo o k  a t  t h e  changes  
decadew ise  i n  t h e  n e tw o rk  deve lopm en t from  i t s  i n c e p t i o n  i n  1862 to  
th e  p r e s e n t .  The m easurem ent o f  t h e s e  s e q u e n t i a l  changes  w i l l  be 
u s e f u l  i n  exam in ing  t h e i r  im p a c t  on th e  growth o f  u rb a n  c e n t r e s  i n  th e
r e g i o n  as  a  w hole and i t s  s u b d i v i s i o n s .  I t  i s  i m p o r t a n t  t o  lo o k  a t
t h e s e  ch an g es  b e c au se  th e  ne tw o rk  may be se en  as  c a u s e s  as  w e l l  as 
e f f e c t s .  The a d d i t i o n ,  m o d i f i c a t i o n  and e l i m i n a t i o n  o f  a  r o u t e  may 
b r in g  some ch an g es  i n  t h e  a c c e s s i b i l i t y  o f  p l a c e s  r e l a t i v e  t o  one
a n o th e r ,  and may a l s o  be a  c a u se  o f  t h e  grow th and d e c l i n e  o f  some
p l a c e s .  So f a r  a number o f  i n v e s t i g a t i o n s  have  d e a l t  w i th  t h e  i n t e r ­
a c t i o n  be tw een  u r b a n  c e n t r e s  and t r a n s p o r t  d e v e lo p m e n t .  One o f  t h e  
m ost i m p o r ta n t  s t u d i e s  i s  t h a t  o f  G a u th ie r  ( 1 9 6 8 ) ,  who c o n te n d s  t h a t  
a  h ig h  d e g re e  o f  in te r d e p e n d e n c e  e x i s t s  be tw een th e  deve lopm en t o f  
t r a n s p o r t  sy s te m s  and th e  s p a t i a l  p a t t e r n  o f  u r b a n  economic g ro w th .
T h i s  (above  m e n t io n e d )  s tu d y  f o r  t h e  p e r io d  o f  1940-1960  h a s  p ro v id e d  
some s u p p o r t  f o r  th e  argum ent t h a t  t r a n s p o r t  im provem ents  a r e  th e  
l e a d i n g  f a c t o r s  i n  t h e  deve lopm en t p r o c e s s  and s u g g e s t  t h a t  t h e r e  w i l l  
be an i n c r e a s e  i n  t h e  number o f  u r b a n  c e n t r e s  w hich  d e r i v e  f u n c t i o n a l /  
economic b e n e f i t s  from  changes  i n  t h e i r  ne tw ork  a c c e s s i b i l i t y .
A no ther  s tu d y  i s  w o r th  m e n t io n in g  f o r  i t s  h i s t o r i c a l  t r e a tm e n t  o f  
t h e  i n t e r a c t i o n  be tw een  t r a n s p o r t  deve lopm en t and u r b a n i z a t i o n .  T a a f f e ,  
M o r r i l l  and Gould (1963)  were t h e  f i r s t  t o  c o n s t r u c t  a model which 
r e p r e s e n t s  a  g e n e r a l i s e d  d e s c r i p t i o n  o f  t r a n s p o r t a t i o n  ne tw ork  d e v e lo p ­
m ent th ro u g h  t im e  i n  u n d e r  d e v e lo p e d  c o u n t r i e s .  The model was b a sed  
l a r g e l y  on d a t a  c o n c e r n in g  Ghana and N i g e r i a ,  a l th o u g h  t h e y  a l s o  
exam ined t h e  n e tw o rk  e x p a n s io n  p r o c e s s  i n  B r a z i l ,  Kenya, T angany ika  and 
M alaya . I t  h a s  been  found  to  be a p p l i c a b l e  t o  o t h e r  d e v e lo p in g  a r e a s .
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T h is  s p a t i a l  model o f  t r a n s p o r t  n e tw ork  deve lopm en t h a s  p roved  t o  be 
a v a l u a b l e  h e l p  i n  i t s  u n d e r s t a n d in g  and h a s  been  w i d e ly  a p p l i e d .
I t  e m p h a s ise s  t h e  r o l e  o f  u rb a n  c o n c e n t r a t i o n  w here s e v e r a l  c o a s t a l  
nodes  w i th  s u p e r i o r  l o c a t i o n a l  and p o l i t i c a l  a d v a n ta g e s  grow f a s t e r  
t h a n  o t h e r  c e n t r e s  l e s s  w e l l  endowed. T h is  model o f  sequence  o f  
t r a n s p o r t  g row th  r e c o g n i z e s  f o u r  s t a g e s  i n  what i s  r e a l l y  a  c o n t in u o u s  
p r o c e s s  t o  o b t a i n  a c l e a r  u n d e r s t a n d in g  o f  th e  se q u en c e  o f  c h a n g e s .  
A t tem p ts  have  been  made to  b u i l d  m a th e m a t ic a l  m odels  t o  s im u l a t e  con­
t i n u o u s  n e tw o rk  deve lopm en t i n  a more r e a l i s t i c  f a s h i o n .  Kansky (1963) 
and M o r r i l l  (1965)  have  t r i e d  t o  r e p ro d u c e  th e  l o c a t i o n  p a t t e r n s  o f  
r a i l w a y  r o u t e s  as t h e y  d e v e lo p e d  o v e r  t im e  d e a l i n g  w i t h  a r e a s  o f  
S i c i l y  and C e n t r a l  Sweden r e s p e c t i v e l y .  The model o f  T a a f f e  e t  a l  
(1963)  h a s  s u b s e q u e n t ly  been a p p l i e d  t o  t h e  s e a p o r t s  o f  New Z e a la n d  
f o r  th e  p e r i o d  1853-1960 by Rimmer (1 9 6 7 ) ,
Medvedko (196 7) d e s c r i b e d  t h e  f o l l o w in g  f o u r  p h a s e s  i n  th e  ne tw o rk  
e v o l u t i o n ,  w i th  th e  h e l p  o f  g rap h  th e o r y  i n d i c e s  i n t r o d u c e d  by 
G a r r i s o n  (1960)  and Kansky ( 1 9 6 3 ) .  He s u g g e s t s  t h a t  i t  i s  p o s s i b l e  t o  
s p e c i f y  t y p i c a l  p h a s e s  i n  ne tw o rk  e v o l u t i o n  a f t e r  a r r a n g in g  t h e s e  
p a t t e r n s  a c c o r d in g  t o  t h e  h i s t o r i c a l  sequence  o f  e v e n t s  and w ork ing  
w i t h i n  th e  fram ew ork  o f  to p o lo g y .
P h ases f i  ft
A C hain  v -  1 1
v
B Chain  w i th  B ranches  v  -  1
d
C F i r s t  r i n g  s t r u c t u r e  1 >  1
D L a t t i c e  > 1  >1
Phase  'A ' s i g n i f i e s  t h e  emergence o f  a c h a in  o f  p i o n e e r  c e n t r e s  i n  
a p r e v i o u s l y  u n i n h a b i t e d  a r e a  and phase  'B f s t a r t s  when th e  b ra n c h in g  
o f  t h e  C hain  b e g i n s .  Phase  'C '  s t a r t s  when th e  b r a n c h e s  grow p r o ­
g r e s s i v e l y  l o n g e r  and e v e n t u a l l y  meet each  o t h e r  and f i n a l l y ,  a 
l a t t i c e  a r i s e s  o u t  o f  t h e  C hain  (P hase  D ) , A l l  t h e s e  p h a s e s  o f  th e  
n e tw o rk  can  be r e c o g n iz e d  w i th  t h e  h e lp  o f  yQ' and i n d i c e s  
m en t io n e d  above .
S i m i l a r l y  T a a f f e  and G a u th ie r  (1973) have s u g g e s te d  f o u r  s t a g e s  o f  
n e tw o rk  deve lopm en t f o r  p l a n a i  g r a p h s .  To i d e n t i f y  th e  changes i n  
s p a t i a l  s t r u c t u r e  o f  th e  n e tw o rk  and th e  d e g re e  o f  c h a n g e ,  th e y  have 
s u g g e s te d  a lp h a  (»<) and gamma (Y) i n d i c e s  and th e  v a l u e s  o f  t h e s e  
i n d i c e s  a re  m e a n in g fu l  o n ly  when c o n s id e r e d  i n  te rm s  o f  t h e  l i m i t  o f  
n e tw o rk  c o n n e c t i v i t y .  A l l  t h e s e  i n d i c e s  have  been  u s e d  i n  t h i s  s tu d y  
t o  a n a ly s e  t h e  s t r u c t u r e  o f  t h e  t r a n s p o r t  n e tw ork  and t r a c e  th e  
r e l a t i o n s h i p  be tw een  u rb a n  grow th and t r a n s p o r t  deve lopm en t i n  t h e  
r e g i o n .  As t h e  e le m e n ts  o f  change t o  be a n a ly s e d  a r e  n o t  v e ry  r e c e n t  
i n n o v a t i o n s ,  i t  i s  d i f f i c u l t  t o  t r a c e  som eth ing  on a m ic ro  l e v e l ,  
w i t h o u t  lo o k in g  a t  th e  changes  which o c c u r r e d  i n  p r e v i o u s  d e c ad e s  i n  
th e  t r a n s p o r t a t i o n  ne tw o rk s  a s  w e l l  as i n  t h e  u rb a n  grow th  o f  t h e  
r e g i o n .  For t h i s  r e a s o n  a c l e a r  u n d e r s t a n d in g  o f  t h e  sequence  o f  
changes  i s  n e c e s s a r y  and i t  i s  im p o r ta n t  t o  t r a c e  t h e  deve lopm en t o f  
t h e  t r a n s p o r t  n e tw o rk s  th ro u g h  t im e  and t o  r e l a t e  t h e  changes i n  u rb an  
grow th  t o  t h e  changes  i n  th e  p a t t e r n s  o f  ne tw ork  a c c e s s i b i l i t y  a s  i t  
p r o v id e s  g rounds  f o r  f u r t h e r  r e s e a r c h .
3 .4  M ethodology
The s t r u c t u r e  o f  t h e  r a i l r o a d  ne tw ork  i n  t h e  P a n ja b  and i t s  e f f e c t ­
iv e n e s s  a r e  a n a ly s e d  s in c e  i t s  b e g in n in g  i n  1862 t o  th e  p r e s e n t ,  by 
u s in g  some o f  t h e  t e c h n iq u e s  o f  ne tw ork  a n a l y s i s .  So f a r  i t  h a s  been  
c o n c e rn e d  w i th  th e  e x t e n t  o f  exam in ing  th e  r e l a t i o n s h i p  betw een ne tw ork  
s t r u c t u r e  and g e o g ra p h ic  c h a r a c t e r i s t i c s  up to  a  lo w e r  o r d e r  p o l i t i c a l  
u n i t .  The r e g i o n  u n d e r  s tu d y  can be d i v id e d  i n t o  f u r t h e r  sm a l l  u n i t s  
as  Kansky (1963)  h a s  s u g g e s t e d , t o  d i f f e r e n t i a t e  t h r e e  b a s i c  u n i t s  o f  
o b s e r v a t i o n  d e n o t in g  'C ' ,  ' S '  and ' c '  f o r  c o u n t r i e s ,  s t a t e s  and c o u n t i e s  
r e s p e c t i v e l y .  He h a s  f u r t h e r  s u g g e s te d  c l a s s i f y i n g  t h e  r a i l  and r o a d  
sy s tem s  s e p a r a t e l y  by d e n o t in g  PRR ( f o r  r a i l r o a d  su b g rap h  o f  t h e  whole
t r a n s p o r t  n e tw o rk )  and 'PHWY' ( f o r  highway s u b g r a p h ) .  For f u r t h e r
' 2n d 's u b - d i v i s i o n  o f  a  s m a l l e r  p o l i t i c a l  u n i t  i t  may be d e n o te d  as  PRR 
iZxicl.and 'PHWY ' w hich  means a r a i l r o a d  and highway n e tw o rk  o f  th e  t h i r d  
o r d e r  p o l i t i c a l  u n i t s  r e s p e c t i v e l y .  So th e  ne tw o rk  u n d e r  s tu d y  w i l l  be 
a n a ly s e d  up t o  'PRR^nc* . To lo o k  a t  th e  m icro  s c a l e  o f  t h e  ne tw ork  
th ro u g h  t im e ,  o n ly  a p a r t i a l  ( r a i l r o a d )  sys tem  w i l l  be c o n s id e r e d  and 
a h ighw ay sy s te m  w i l l  be i n c l u d e d  i n  t h e  p r e s e n t  s tu d y  o f  th e  r e c e n t
years (1971).
As f a r  as i t  i s  c o n c e rn e d  w i th  t h e  p o l i t i c a l  s u b - d i v i s i o n  o f  th e  
r e g i o n ,  t h e  whole c o u n t r y  ( P a k i s t a n )  i s  d iv id e d  i n t o  f o u r  p r o v in c e s  
P a n ja b ,  S in d ,  B a l u c h i s t a n  and N orth  West F r o n t i e r  P r o v in c e .  The 
p r o v in c e  u n d e r  s tu d y  ( P a n ja b )  i s  s u b - d i v i d e d  i n t o  f i v e  d i v i s i o n s  o f  
R aw alp in d i  ( 1 - 4 ) ,  S a rgodha  ( 5 - 8 ) ,  Lahore ( 9 - 1 2 ) ,  M ultan  (1 3 -1 6 )  and 
Bahawalpur ( 1 7 - 1 9 ) ,  ( s e e  F ig u re  1 . 1 ) .  Excep t f o r  B ahaw alpur,  a l l  t h e s e  
d i v i s i o n s  a re  f u r t h e r  s u b - d iv id e d  i n t o  f o u r  d i s t r i c t s  e a c h ,  w h i le  
Bahaw alpur c o n t a i n s  t h r e e  d i s t r i c t s .  The m ic ro  l e v e l  a n a l y s i s  o f  t h e  
t r a n s p o r t  ne tw o rk  th ro u g h  t im e  w i l l  be u s e f u l  n o t  o n ly  t o  d e s c r i b e  th e  
s t r u c t u r e  o f  a c c e s s i b i l i t y  and t o  a n a ly s e  th e  a c c e s s i b i l i t y  s u r f a c e ,  
b u t  a l s o  as a b a s i s  f o r  f u r t h e r  e x a m in a t io n  o f  t h e  r e l a t i o n s h i p  betw een  
such s t r u c t u r a l  p a t t e r n s  o f  a c c e s s i b i l i t y  and p a t t e r n s  o f  u rb a n  change 
i n  th e  sy s te m . The r e s u l t s  o f  t h i s  a n a l y s i s  w i l l  be u s e f u l  f o r  f u r t h e r  
e x a m in a t io n  o f  t h e  r e l a t i o n s h i p  be tw een  t r a n s p o r t  and u rb a n  d ev e lo p m en t .  
I t  i s  a l s o  u s e f u l  b e c au se  th e  e v o l u t i o n  o f  t r a n s p o r t a t i o n  ne tw orks  
o c c u rs  n o t  o n ly  a t  t h e  m a c ro s c a le  o f  n a t i o n s  and l a r g e  r e g i o n s ,  b u t  
a l s o  a t  t h e  m ic ro  o r  u rb a n  s c a l e .  I n  c i t i e s  t h a t  d e v e lo p e d  o v e r  th e  
c o u r s e  o f  many c e n t u r i e s ,  i e .  i n  Europe and A s ia ,  t h e  r o a d  p a t t e r n  h a s  
som etim es e v o lv e d  from  an i n i t i a l  s e r i e s  o f  t r i a l s  th ro u g h  a sys tem  
o f  a n c i e n t  paved  r o a d s ,  t o  a  complex ne tw ork  o f  modern f re e w a y s  
(Moryadas 1 9 7 5 ) .
Being an a n a l y s i s  o f  a m ic ro  r e g i o n  c e r t a i n  l i m i t a t i o n s  a re  p la c e d  
on th e  c h o ic e  o f  n o d e s ,  r o u t e s  and a r e a .
i .  I n  r e s p e c t  o f  th e  sy s tem  ta k e n  i n t o  c o n s i d e r a t i o n  o n ly  a p a r t i a l  
sy s tem  o f  r a i l r o a d s  h a s  been c o n s id e r e d  f o r  h i s t o r i c a l  a n a l y s i s  s in c e  
1862 , and t h e  r o a d  n e tw o rk  h a s  o n ly  been  a n a ly s e d  f o r  r e c e n t  y e a r s  
(1 9 7 1 ) .
i i .  The p e r i o d  h a s  been  d iv id e d  i n t o  seven  d e c ad e s  up t o  1930 and 
a f t e r  t h a t  a  b ig  i n t e r v a l  o f  45 y e a r s  was t a k e n  as t h e r e  was no 
s i g n i f i c a n t  deve lopm en t d u r in g  t h a t  t im e .  T h i s  gap w i l l  p ro v id e  a 
u s e f u l  b a s i s  f o r  t h e  co m p ar iso n  o f  t h e  deve lopm en t o f  t h e  ro a d  n e t ­
work w i th  th e  r a i l  n e tw o rk .  The r e s u l t s  w i l l  be h e l p f u l  to  u n d e r s t a n d  
th e  common theme o f  th e  dominance o f  r o a d  o v e r  r a i l r o a d  i n  u n d e r ­
d e v e lo p e d  c o u n t r i e s  i n  t h e  r e c e n t  p h a s e s .  T a a f f e  e t  a l  (1963) have 
s a i d  t h a t  t h e  e v o l u t i o n  o f  th e  t r a n s p o r t a t i o n  sys tem  i n  u n d e r  d e v e lo p e d
c o u n t r i e s  h a s  shown a s te a d y  r i s e  i n  t h e  im p o r ta n c e  o f  r o a d  t r a f f i c ,  
w hich f i r s t  com plem ents t h e  r a i l r o a d ,  t h e n  com petes  w i th  i t  and f i n a l l y  
overwhelms i t .
So t h i s  b ig  gap o f  poo r  deve lopm en t i n  th e  r a i l  n e tw o rk  o f  th e  
P a n jab  p o i n t s  t o  an i m p o r ta n t  p i o n e e r  r o l e  o f  r a i l w a y s  i n  t h e  e s t a b l i s h ­
ment o f  a t r a n s p o r t  i n f r a s t r u c t u r e  i n  th e  r e g i o n ,  and more a t t e n t i o n  i s  
now f r e q u e n t l y  p a id  to  r o a d s .
i i i .  B eing  a h i s t o r i c a l  a n a l y s i s  o f  a  m icro  r e g i o n  i t  i s  d i f f i c u l t  t o  
t r a c e  t h e  changes  o f  p o l i t i c a l  u n i t s  i n  te rm s  o f  a r e a .  For t h i s  p u rp o se  
t h e  e x i s t i n g  a r e a  o f  t h e  u n i t s  h a s  been  c o n s id e r e d  t h r o u g h o u t .
i v .  The n e x t  im p o r ta n t  t h i n g  t o  be c l a r i f i e d  i s  t h e  t e r m in o lo g y  and 
s t a b i l i t y  o f  d e f i n i t i o n s  i n  t h e  s tu d y .  The u se  o f  g rap h  th e o r y  as a 
method o f  t r a n s p o r t  n e tw o rk  a n a l y s i s  h a s  r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n ,  
i n t r o d u c e d  by G a r r i s o n  (1960) and e l a b o r a t e d  by Kansky (1963).j ne tw ork  
a n a l y s i s  now h a s  a w id e r  s i g n i f i c a n c e  i n  g eo g ra p h y  as  a w hole  (H a g g e t t  
and C h o r le y  1 9 6 9 ) ,  Graph t h e o r e t i c a l  a n a l y s i s  p r o v i d e s ,  p e rh a p s  t h e
o n ly  p r e c i s e  means o f  a n a ly s i n g  th e  t o t a l  a c c e s s i b i l i t y  and l in k a g e  w i t h i n  
th e  n e tw o rk  and r e p r e s e n t s  a s i g n i f i c a n t  s t e p  fo rw a rd  i n  th e  a n a l y s i s  
o f  t r a n s p o r t  p a t t e r n s  (Ward 1 9 6 9 ) .
As d i f f e r i n g  te r m in o lo g y  h a s  been  u se d  t o  d e s c r i b e  t h e s e  e le m e n t s ,  
p o i n t s  and nodes  a r e  now commonly r e f e r r e d  t o  as v e r t i c e s  and r o u t e s  o r  
l i n e s  as edges  ( C h o r le y  and H a g g e t t  1969, T a a f f e  and G a u th ie r  1973, Hay 
1 9 7 3 ) .  A p a r t  from  t h i s  t h e r e  a r e  d i f f e r e n c e s  i n  th e  d e f i n i t i o n  o f  nodes  
i n  th e  d i f f e r e n t  s t u d i e s .  I n  some, o n ly  towns a r e  c o u n te d  as  nodes 
w h i le  r o a d  and r a i l  j u n c t i o n s  w i t h o u t  towns a r e  i g n o r e d .  For exam ple , 
i n  th e  c a s e  o f  S a r d i n i a  ( I t a l y )  Kansky (1963) c o n s id e r e d  o n ly  th e  
i n t e r s e c t i o n s  o r  j u n c t i o n s  o r i g i n a t i n g  and t e r m i n a t i n g  p o i n t s  as 
v e r t i c e s  w h i le  i n  t h e  c a se  o f  S i c i l y  ( I t a l y )  t h e  v e r t i c e s  s e l e c t e d  a r e  
to w n s .  S i m i l a r l y  i n  o t h e r  s t u d i e s  ( K i s s l i n g  1969) e t c .  th e  v e r t i c e s  
a re  s e l e c t e d  from  towns on th e  b a s i s  o f  p o p u l a t i o n  s i z e .  T h e re fo re  i t  
i s  n e c e s s a r y  t o  be c l e a r  ab o u t  t h e  d e f i n i t i o n  and s t a b i l i t y  as most 
t o p o l o g i c a l  m easu res  a r e  c a l c u l a t e d  from  th e  r e l a t i o n  be tw een  th e  edges  
and v e r t i c e s .  As th e  s tu d y  in v o lv e s  com parison  be tw een  t im e  p e r i o d  and 
r e g i o n s ,  i t  i s  e s s e n t i a l  t h a t  th e  d e f i n i t i o n  s h o u ld  be s t a b l e  from  one 
r e g i o n  t o  a n o t h e r .  I n  t h i s  r e g a r d  b o th  t h e  d e f i n i t i o n  o f  nodes m en tioned  
above a r e  f o l lo w e d  and com pared .
I n  th e  f i r s t  i n s t a n c e  t h e  i n t e r s e c t i o n s / j u n c t i o n s  i n c l u d i n g  end 
p o i n t s  a re  t r e a t e d  as  nodes  a t  th e  r e g i o n a l  and s u b - r e g i o n a l  l e v e l s .  
S i m i l a r l y  t h e  second  d e f i n i t i o n  o f  nodes  i s  a d o p te d  w hich  i n c l u d e s  th e  
u rb a n  c e n t r e s  a c c o r d in g  t o  t h e  d e f i n i t i o n  o f  t h e  Census 1971 . Most o f  
t h e s e  c e n t r e s  have  a p o p u l a t i o n  o f  5 ,0 0 0  and a bove , and a re  l o c a t e d  on 
a r a i l  n e tw o rk .  A p ar t  from  t h e s e  c e n t r e s ,  th e  r a i l w a y  j u n c t i o n s  (w hich 
a r e  n o t  c l a s s i f i e d  as  u rb a n  c e n t r e s  a c c o r d in g  t o  t h e  Census 1971) a re  
a l s o  i n c l u d e d  b e in g  th e  o r i g i n a t i n g  and t e r m i n a t i n g  p o i n t s .  These 
d e f i n i t i o n s  have  been  f o l lo w e d  f o r  t h e  h i s t o r i c a l  a n a l y s i s  th ro u g h o u t  
t h e  p e r i o d .  The com parison  o f  t h e s e  two d i f f e r e n t  d e f i n i t i o n s  g iv e s  a 
c l e a r e r  p i c t u r e  o f  t h e  n e tw o rk .
For t h e  r e c e n t  y e a r s ,  t h e  a n a l y s i s  o f  b o th  t h e  r a i l  and r o a d  n e t ­
w orks h a s  been  done s e p a r a t e l y  by ch an g in g  th e  d e f i n i t i o n  o f  nodes 
a c c o r d in g  to  t h e  p o p u l a t i o n  s i z e  o f  1 0 ,000  +, 2 0 ,0 0 0  + and 50 ,000  +.
v .  I t  i s  im p o r ta n t  t o  be c l e a r  a b o u t  t h e  r o u t e  deve lopm en t and t r a c k
d e v e lo p m en t .  I n  t h i s  s tu d y  o n ly  th e  r o u t e  l e n g t h  h a s  been c o n s id e r e d
by i g n o r i n g  th e  doub le  l i n e s  ( i f  a n y ) .
v i .  For th e  p u rp o se  o f  t h i s  s tu d y  a l l  th e  maps have  been  c o n v e r te d  
i n t o  t o p o l o g i c a l  shapes  showing nodes  and r o u t e s  th ro u g h  de c ad e s  
( s e e  F ig u r e s  3 .2 a  and b ) ,
v i i .  By a p p ly in g  t o p o l o g i c a l  i n d i c e s ,  t h e  m easurem ent o f  th e  s t r u c ­
t u r a l  p r o p e r t i e s  o f  t h e  r a i l  ne tw ork  (PRR) as a  w h o le ,  and s u b - r a i l  
2xi ci.n e tw o rk s  (PRR ) ,  i s  d e r iv e d  th ro u g h  d e c a d e s .
3 .5  P ro v in c e  L eve l  T o p o lo g ic a l  S t r u c t u r e  o f  R a i l  Network
A cco rd ing  to  t h e  Census o f  1971 t h e r e  a r e  202 towns w i th  a p o p u l a t i o n  
o f  5 ,0 0 0  + (w i th  some e x c e p t i o n s ) .  Out o f  t h e s e  137 towns a r e  con­
n e c te d  w i th  t h e  r a i l w a y  sy s tem , w h i le  a l l  o f  t h e s e  tow ns a re  c o n n n e c te d  
w i th  t h e  r o a d  sy s tem  o f  t h e  r e g i o n .  A par t  from  t h e s e  towns t h e r e  a r e  
n in e  j u n c t i o n s  w hich  a re  n o t  c o n s id e r e d  as towns a c c o r d in g  to  th e  
Census o f  1971 . So t h i s  s tu d y  i n c l u d e s  a  t o t a l  o f  146 v e r t i c e s  
(137 towns + 9 j u n c t i o n s )  f o r  th e  y e a r  1971, and a l l  o f  t h e s e  a r e  on 
th e  r a i l  n e tw o rk .  By t a k i n g  j u n c t i o n s  and end p o i n t s  as  v e r t i c e s ,  
t h e r e  a r e  51 v e r t i c e s  f o r  t h e  same p e r i o d ,  w i th  a r a t i o  o f  abou t  1 / 3 ,  
which  shows t h a t  e v e ry  t h i r d  node i n  th e  r e g i o n  i s  e i t h e r  a j u n c t i o n
or an end point.
I n  t h e  a n a l y s i s  o f  t h e  ch a n g in g  p a t t e r n  o f  t r a n s p o r t  i t  i s  n e c e s s a r y  
t o  d i s t i n g u i s h  be tw een  deve lopm en t and g ro w th . Development i n c l u d e s  
changes  i n  th e  n a t u r e  o f  t r a n s p o r t  mode o r  i n  th e  s e r v i c e  w hich i t  
p r o v i d e s ,  w h i l e  t h e  growth in v o lv e s  th e  e x t e n s i o n  o f  an e x i s t i n g  mode 
o f  t r a n s p o r t  and i t s  a s s o c i a t e d  s e r v i c e s  ( F u l l e r t o n  1 9 7 5 ) .  Development 
i s  u s u a l l y  accom panied  o r  f o l lo w e d  by growth b u t  g row th  may o c c u r  i n  
t h e  ab sen ce  o f  s i g n i f i c a n t  d e v e lo p m en t .  I n  t h e  c a s e  o f  th e  P a n ja b ,  we 
a r e  m a in ly  c o n c e rn e d  w i th  t h e  grow th o f  t h e  r a i l  n e tw o rk  b u t  a l s o  have  
t o  lo o k  a t  i t s  d e v e lo p m en t .
B e fo re  t h e  a d v e n t  o f  t h e  r a i l w a y  i n  1862 th e  o n ly  s o u rc e  o f  t r a n s ­
p o r t  and com m unica tion  f o r  b o th  p e o p le  and goods ,  was th e  r i v e r s  o f  t h e  
r e g i o n  ( s e e  F ig u re  2 . 2 ) .  The main r o u t e  o f  t h i s  t r a f f i c  was from  th e  
P a n ja b  t o  Sukkar  and th e n  K a ra c h i  a  n a t u r a l  p o r t ,  w here  h u n d re d s  o f  to n s  
o f  c e r e a l s ,  l i n s e e d ,  s u g a r ,  s a l t p e t r e  and in d ig o  was s e n t  by t h e s e  
r i v e r s .  I n  1855-56  th e  w a te r  t r a f f i c  was g r e a t e s t  on th e  S u t l e j ,  n e x t  
on t h e  Jh e lu m , t h e n  on th e  In d u s  and l a s t  on th e  Chenab and R a v i .  
A ccord ing  t o  t h e  r e g i s t r a t i o n  o f  b o a ts  a t  th e  j u n c t i o n  p o i n t  o f  M ithan  
Kot (DG Khan D i s t r i c t )  on t h e  I n d u s ,  th e  t r a f f i c  o f  goods was n o t  l e s s  
th a n  700 ,000  maunds o r  3 5 ,000  to n s  p e r  annum (Admin. R e p o r t  1 8 5 5 -5 6 ) ,  
D uring  t h e s e  y e a r s  i t  was e s t i m a t e d  t h a t  f o u r - f i f t h s  o f  th e  t o t a l  t r a f f i c  
was to w a rd s  t h e  S o u th .  T here  i s  a b ig  v a r i a t i o n  i n  t h e  speed  a c c o rd in g  
t o  t h e  s e a s o n s ,  d i r e c t i o n s  and C hannels  ( r i v e r s ) .  S i m i l a r l y ,  t h e r e  were 
v a r i a t i o n s  i n  th e  a c c e s s i b i l i t y  o f  t h e  com m odities  t o  and from th e  
v a r i o u s  p o r t s  o f  th e  r e g i o n .  The speed  o f  t r a n s p o r t  i n  th o s e  days was 
v e ry  slow  and was d e p e n d en t  on th e  s e a s o n ,  p a r t i c u l a r l y  i n  t h e  r e g i o n  
w here f l o o d s  and d ro u g h t  were common and fam ine  c o n d i t i o n s  p r e v a i l i n g  
i n  one r e g i o n  c o u ld  n o t  be a l l e v i a t e d  by th e  s u r p l u s  o f  a n o th e r .  For 
t h e s e  p u r p o s e s ,  t h e r e  was a g r e a t  need  f o r  a  more e f f i c i e n t  and c h e a p e r  
means o f  t r a n s p o r t a t i o n .
F ig u re  2 .2  shows t h e  d i s t r i b u t i o n  o f  towns w hich w ere  im p o r ta n t  
t r a d e  c e n t r e s  i n  t h e  r e g i o n  u n t i l  th e  open ing  o f  th e  r a i l w a y .  The 
towns o f  P in d  Dadan Khan and W azirabad  e n jo y e d  a busy  t r a d e  and i n d u s ­
t r i a l  c e n t r e s  by h a v in g  b o a t b u i l d i n g  and r e p a i r  y a r d s .  Now, e x c e p t  
f o r  tw o , Ram N agar and P in d i  B h a t ia n ,  a l l  o f  t h e s e  towns a re  c o n n e c te d
by r a i l .  The a n a l y s i s  o f  t h e s e  towns th ro u g h  t im e ,  w i l l  g iv e  a good 
p i c t u r e  o f  t h e  r e l a t i o n s h i p  be tw een  t r a n s p o r t a t i o n  and th e  u rb an  grow th  
i n  t h e  r e g i o n .  I t  w i l l  a l s o  be h e l p f u l  to  u n d e r s t a n d  G a u th le r * s  (196$)  
s t a t e m e n t  t h a t  ' t h e  change i n  ne tw ork  s t r u c t u r e  may have  an e f f e c t  on 
economic deve lopm ent and i t  can  p roduce  s e r i o u s  changes  i n  th e  p a t t e r n  
o f  i n t e r v a l  a c c e s s i b i l i t y  f o r  many o f  th e  u rb a n  c e n t r e s  o f  th e  n e tw o r k , '  
which w i l l  be d i s c u s s e d  i n  t h e  n e x t  c h a p t e r .
T h is  i n e f f i c i e n c y  i n  t h e  t r a n s p o r t a t i o n  was s e r i o u s l y  f e l t  by t h e  
a u t h o r i t i e s  and a number o f  p r o p o s a l s  were d i s c u s s e d  d u r in g  1855 -56 .
I t  was presum ed t h a t  ' a l l  t h e  q u a n t i t y  t h a t  p e r t a i n s  t o  t h e  S u t l e j ,  t h e  
Ravi and th e  Chenab and a p a r t  o f  t h a t  b e lo n g in g  t o  Jh e lu m , w i l l  be 
d i v e r t e d  t o  t h e  A m r i t s a r  and M ultan  R ailw ay; and i f  t h e  R ailw ay up t o  
Peshaw ar s h o u ld  have  been  e s t a b l i s h e d ,  th e n  a lm o s t  a l l  t h e  t r a f f i c  o f  
Jhe lum  and much o f  In d u s  would p ro c e e d  t o  Lahore  and th e n c e  down th e  
r a i l  t o  M u lta n '  (Admin. R e p o r t  1 8 5 5 -5 6 ) ,
The i d e a  was e n c o u ra g e d  by a g r e a t  i n c r e a s e  i n  t h e  number o f  p a s s e n ­
g e r s  and income (am ount) be tw een th e  c i t i e s  o f  L ahore  and A m r i t s a r ,  w i th  
th e  o p en ing  o f  a new r o a d  i n  1856. I t  was hoped t h a t  a  s i m i l a r  p a s s e n ­
g e r  t r a f f i c  would  d o u b t l e s s  s p r i n g  up betw een Lahore  and M ultan ,  and , 
i t  may be added t h a t  th e  r o u t e  v i a  K a ra ch i  would be f r e q u e n te d  by 
p i l g r i m s  t o  Mecca. I t  to o k  some t im e  t o  f i n a l i z e  and t h e  f i r s t  r a i lw a y  
i n  P a k i s t a n  was opened i n  May 1861 (105 m i l e s ) .
I n  t h e  c a s e  o f  P a k i s t a n  ( a s  a w ho le )  t h e  p re -1 8 6 1  p o s i t i o n  can  be 
compared w i th  t h e  f i r s t  phase  o f  th e  i d e a l  t y p i c a l  sequence  s u g g e s te d  
by T a a f f e ,  M o r r i l l  and Gould (1 9 6 3 ) .  Along th e  c o a s t  were sm a l l  n a t u r a l  
p o r t s  each  w i th  an e q u a l  chance  o f  deve lopm en t,  b u t  th e  c o n c e n t r a t i o n  o f  
a c t i v i t i e s  was on one o f  them , K a r a c h i .  The p o s i t i o n  o f  th e  P a n jab  can  
be r e l a t e d  w i th  t h i s  model t o  some e x t e n t  b u t  f i t s  w i th  L a c h e n e 's  (1965) 
m odel.  The f i r s t  s ta g e  o f  th e  model i n d i c a t e s  t h e  s c a t t e r e d  d i s t r i ­
b u t io n  o f  t h e  p o p u l a t i o n  and low l e v e l  o f  economic a c t i v i t y  d i s t r i b u t e d  
more o r  l e s s  u n i fo r m ly  th ro u g h o u t  th e  r e g i o n .  The b a s i c  d i f f e r e n c e  
be tw een  th e  Lachene and T a a f f e  models l i e s  i n  t h e  en v iro n m en t  p o s t u l a t e d  
r a t h e r  th a n  i n  t h e  mechanism o f  ne tw ork  growth ( C h o r le y  and H a g g e t t  1 9 6 9 ) .  
As th e  r e g i o n  o f  th e  P a n jab  h a s  a m i d - c o n t i n e n t a l  s i t u a t i o n  w i th  a 
s p a r s e l y  p o p u la t e d  t e r r i t o r y  and h a s  no c o a s t a l  s i t u a t i o n ,  i t s  p r e -
r a i l w a y  s t a g e  i s  a  good r e p r e s e n t a t i o n  o f  th e  f i r s t  s t a g e  o f  L a c h e n e 's  
m o d e l ,
R a ilw ay  n e tw o rk  l e n g t h  from  1862-1975 h a s  been  shown i n  F ig u re  3 .1 a .  
The l i n e  i s  v e r y  smooth up t o  1910, which shows t h e  peak  o f  th e  d e v e lo p ­
ment o f  t h e  n e tw o rk  o f  t h e  r e g i o n .  By t h i s  t im e  76 .91  p e r  c e n t  o f  th e  
e x i s t i n g  n e tw o r k 's  l e n g t h  was com ple ted  w h i le  o n ly  2 3 ,0 9  p e r  c e n t  was 
co m p le ted  d u r in g  th e  r e s t  o f  th e  65 y e a r s .  The decad e  showing maximum 
r o u t e  deve lopm en t o f  t h e  e x i s t i n g  n e tw o rk  i s  190 0 -1 9 1 0 ,  i n  w hich 19 .28  
p e r  c e n t  l e n g t h  was i n c r e a s e d .  Now an a t te m p t  w i l l  be made t o  lo o k  a t  
t h i s  p e r i o d  i n  d e t a i l  and a n a ly s e  i t  w i th  th e  h e l p  o f  t o p o l o g i c a l  
i n d i c e s .  S i m i l a r l y ,  th e  g r a d u a l  deve lopm en t i n  l e n g t h  o f  th e  ne tw ork  
h a s  been  shown ( s e e  F ig u re  3 .1 b )  and t h e s e  maps have  been  c o n v e r t e d  
i n t o  t o p o l o g i c a l  form  f o r  t h e  decad es  showing no d es  a s  towns ( s e e  
F ig u re  3 . 2 ) ,
3 ,6 S ta g e s  o f  C o n n e c t iv i t y
a .  1862-1870
With t h e  encou ragem en t  o f  r o a d  c o n n e c t io n  be tw een  Lahore  and A m r i t s a r ,  
t h e  a u t h o r i t i e s  d e c id e d  t o  l i n k  t h e s e  c e n t r e s  w i th  r a i l  n e t  and as a 
r e s u l t  o f  t h a t  t h e  f i r s t  r a i l r o a d  was opened i n  t h e  r e g i o n  u n d e r  s tu d y  
on 18 -4 -1882  be tw een  L ahore  and A m r i t s a r .  (A p o r t i o n  o f  15 m i le s  i s  
s t i l l  w i th  P a k i s t a n . )  The main p u rp o se  was t o  d i v e r t  th e  r i v e r  t r a f f i c  
th ro u g h  th e  r a i l w a y  to  th e  s e a p o r t  o f  K a ra ch i  v i a  M u lta n ,  Sukkar  and 
K o t r i .  A f t e r  t h r e e  y e a r s  o f  t h i s  c o n n e c t io n  a n o th e r  im p o r ta n t  t r a d e  
and h i s t o r i c a l  c e n t r e ,  M u lta n ,  was l i n k e d  w i th  L ahore  and A m r i t s a r  
a f t e r  o p en in g  a 208 m ile  l i n e  on 2 4 -4 -1 8 6 5 ,  w hich was l a t e r  e x te n d e d  
s i x  m i l e s  t o  M u z a f fa ra b ad  on 2 1 -7 -1 8 7 0 .  During t h i s  p e r i o d  a t o t a l  o f  
229 m i l e s  l e n g t h  o f  r o u t e  i n  t h e  r e g i o n  was c o m p le te d  and i t  c o v e rs
8 .1 4  p e r  c e n t  o f  t h e  l e n g t h  o f  t h e  e x i s t i n g  n e tw o rk  o f  t h e  r e g i o n  and , 
s i m i l a r l y  o n ly  8 .9  p e r  c e n t  o f  th e  e x i s t i n g  nodes  ( to w n s)  were 
c o n n e c te d .  As i t  i s  a s t r a i g h t  l i n e  w i th o u t  j u n c t i o n s  so t h e  f t  , 
i n d e x  w hich m ea su res  t h e  r a t i o  be tw een j u n c t i o n s  and t h e i r  e d g e s ,  i s  
v e ry  low 0 .5 0 ,  w h i l e  th e  ' m ea su r in g  th e  r a t i o  be tw een  towns and l i n k s  
i s  0 .923  a t  t h i s  s t a g e  ( s e e  T ab le  3 . 1 ) ,  The ' Y  ’in d e x  w hich m easu res  
r e l a t i v e  l i n k a g e  c o n n e c t i v i t y  i s  36 .36  p e r  c e n t  f o r  towns l in k a g e  and
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t h e  ^  in d e x  showing i n c r e a s i n g  l in k a g e  betw een a l l  p o i n t s  i s  2 .7 7  
f o r  t h e  same n e tw o rk .  As i t  i s  t h e  i n i t i a l  s t a g e  o f  th e  deve lopm en t 
i n  w hich t h e  t o t a l  m ile a g e  o f  th e  ne tw o rk  i s  t h e  h i g h e s t  b u t  th e  
c a p a c i t y  o f  t h e  i n d i v i d u a l  l i n k  segm ents  i s  q u i t e  low (Lachene 1 9 6 5 ) .  
T h e r e f o r e  t h e  r e s t  o f  t h e  m easu res  l i k e  , 0( e t c .  a r e  e i t h e r  po o r  o r  
u n a b le  t o  g iv e  a n y th in g  a t  t h i s  s t a g e .  As th e  e d g es  and t h e  d ia m e te r  
i s  t h e  same, so t h e  ft in d e x  which m easu res  t h e  d e g re e  o f  deve lopm ent 
i s  minimum ( 1 .0 0 )  a t  t h i s  s t a g e .  But t h e  T h e ta  i n d e x  o r  l e n g t h  p e r  
node (tow n) i s  17 .6 1  m i l e s  which s u g g e s t s  a r e a s o n a b l e  d i s t a n c e  betw een 
th e  u rb a n  c e n t r e s .  S i m i l a r l y  t h e  in d e x  i s  1 9 ,0 8  m i l e s  ( s e e  T ab le  3 .1 )  
f o r  t h e  n e tw o rk  c o n s t r u c t e d  so f a r  and th e  s c o re  i s  v e r y  low as  compared 
t o  A l g e r i a  and I t a l y  i n  th e  same p e r i o d  1870 and 1875 r e s p e c t i v e l y .
The s c o r e  f o r  A l g e r i a  was 6 8 .7 5  m i le s  w h i le  f o r  I t a l y  i t  was 3 1 .8 0  m i l e s  
(Kansky 1 9 6 3 ) .
b .  1871-1880
D uring  t h i s  decade  t h e  r o u t e  l e n g t h  o f  th e  r e g i o n  i n c r e a s e d  from  
229 m i le s  t o  665 m i l e s  w i th  a maximum p e r c e n ta g e  g row th  as  compared 
t o  t h e  r e s t  o f  t h e  de c ad e s  ( s e e  T ab le  3 . 1 ) .  T h is  i n c r e a s e  r e p r e s e n t s  
t h e  c o m p le t io n  o f  p r o j e c t s  s t a r t e d  i n  th e  l a s t  decade  o r  b e f o r e .
F ig u re  3 .1 b  shows t h a t  d u r in g  t h i s  decade  th e  n o r t h  end o f  t h e  r e g i o n  
was c o n n e c te d  t o  t h e  s o u th ,  p a r a l l e l  t o  t h e  r i v e r s  and th e  Grand Trunk 
Road. A lre a d y  c o n n e c te d  l i n e  up t o  M ultan  was e x te n d e d  t o  Lodhran  and 
was opened on 1 -7 -1 8 7 3 .  Meanwhile t h e  l i n e  from  K a ra c h i  t o  K o t r i  was 
e x te n d e d  up t o  S aug i  ( n e a r  R o h r i ) .  E x a c t ly  f i v e  y e a r s  a f t e r  th e  
e x t e n s i o n  o f  M u lta n -L o d h ra n ,  th e  Lodhran  s e c t i o n  was e x te n d e d  to  
K a ra c h i  and was l i n k e d  a t  'S aug i*  on 1 -7 -1 8 7 8 ,  when A m r i t s a r  was con­
n e c t e d  w i th  K a ra c h i  th ro u g h  th e  b ig  t r a d e  c e n t r e s  o f  Lahore  and M ultan .  
M eanwhile th e  l i r e s  t o  c o n n e c t  K a ra c h i  and Peshaw ar which were u n d e r  
c o n s t r u c t i o n  w ere  opened soon a f t e r  th e  c o m p le t io n  o f  t h e  l i n k  betw een 
Lahore  and K a r a c h i ,  The f i r s t  p o r t i o n  betw een Jh e lu m  and Lahore  was 
c o m p le ted  and opened  f o r  t r a f f i c  on 6 -10-1878  w h i l e  t h e  e x t e n s i o n  up 
t o  R a w alp in d i  was opened a b o u t  two y e a r s  l a t e r  on 1 -1 0 -1 8 8 0 ,  In  t h i s  
way, by th e  end o f  1880 t h e  ex trem e n o r t h  o f  t h e  P a n ja b  was c o n n e c te d  
w i th  th e  main p o r t  o f  K a r a c h i .
Meanwhile a n o th e r  s e c t i o n  L a la  Musa t o  'Mandi Baha ud D in ' was 
opened  on 1 -1 -1 8 8 0  and e x te n d e d  t o  M iani (on  1 0 -4 -1 8 8 0 )  which was th e  
t h e n  d e p o t  f o r  s a l t  e x p o r t .  But i t  i s  im p o r ta n t  t o  n o t e  t h a t  w i th  th e  
e x t e n s i o n  o f  t h e  r a i l w a y  t o  t h e  Khewra s a l t  m ines a c r o s s  t h e  r i v e r ,  
th e  s a l t  t r a d e  h a s  a lm o s t  l e f t  i t  and i t s  g l o r y  h a s  d e p a r t e d  (Shahpur  
D i s t r i c t  G a z e t t e e r  1 9 1 7 ) .
B e fo re  lo o k in g  a t  th e  t o p o l o g i c a l  s t r u c t u r e  we w i l l  lo o k  a t  t h e  
p r i n c i p a l  m o t iv e s  f o r  b u i l d i n g  th e  l i n e s  o f  p e n e t r a t i o n  i n  th e  r e g i o n .  
T a a f f e ,  M o r r i l l  and Gould (1963)  have  p o in te d  o u t  t h r e e  m ost im p o r ta n t  
m o t iv e s  w hich have  been  a c t i v e  i n  t h e  p a s t  i n  t h e i r  s tu d y  and a r e  a l s o  
e x p e c te d  i n  th e  h i s t o r i c a l  deve lopm en t o f  t r a n s p o r t  n e tw o rk s  o f  t h e  
d e v e lo p in g  c o u n t r i e s .  Among t h e s e  th e  f i r s t  d e s i r e  i s  t o  c o n n e c t  an 
a d m i n i s t r a t i v e  c e n t r e  on t h e  s e a  c o a s t  w i th  an i n t e r i o r  a r e a  f o r  p o l i t i c a l  
and m i l i t a r y  c o n t r o l  w h i l e  t h e  second  d e s i r e  i s  t o  r e a c h  a r e a s  o f  m in e r a l  
e x p l o i t a t i o n  and t h e  t h i r d  d e s i r e  to  r e a c h  a r e a s  o f  p o t e n t i a l  a g r i c u l t u r a l  
e x p o r t  p r o d u c t i o n .  I n  th e  l i g h t  o f  th e  c a s e s  exam ined , th e y  have  con­
c lu d e d  t h a t  among a l l  t h e s e  m o tiv e s  t h e  p o l i t i c a l  m o tiv e  h a s  been  th e  
s t r o n g e s t .
These m o t iv e s  can  e a s i l y  be a p p ro x im a te d  i n  t h e  c a s e  o f  t h e  P a n jab  
and can  be named as m u l t i  p u rp o se  d e v e lo p m e n ts .  The p r i o r i t y  t o  l i n k  
t h e  main c e n t r e s  o f  t r a d e  w i t h  K a ra c h i  p o r t  and t h e n  b u i l d i n g  t h e  b ran c h  
l i n e s  on 'd o a b s '  ( t h e  a r e a  be tw een  two r i v e r s )  a lo n g w ith  t h e  deve lopm ent 
i n  i r r i g a t i o n , p o i n t s  t o  t h e  t h i r d  d e s i r e  o r  m o tiv e  m en t io n e d  by T a a f f e  
and h i s  c o l l e a g u e s ,  w h i l e  t h e  e s t a b l i s h m e n t  o f  c a n to n m e n ts  a t  s t r a t e g i c  
p o i n t s  such  as  W azirabad , L a h o re ,  Jhe lum  and G u j r a t  from  which r e i n f o r ­
cem ents  c o u ld  e a s i l y  be s u p p l i e d  i n  t h e  e v e n t  o f  an i n v a s i o n  o r  an 
i n t e r n a l  d i s t u r b a n c e  ( S p a te  1 9 6 8 ) ,  p o i n t s  t o  t h e  p o l i t i c a l  m o t iv e .
F ig u re  3 .1 b  shows a smooth i n c r e a s e  i n  th e  l e n g t h  o f  r a i lw a y  d u r in g  
t h i s  d e c a d e .  The l e n g t h  c o m p le ted  d u r in g  th e  decade  i s  15 .51  p e r  c e n t  
and th e  t o t a l  r o u t e  l e n g t h  com ple ted  so f a r  w ent up t o  23 .66  p e r  c e n t  
o f  t h e  e x i s t i n g  r o u t e  l e n g t h .  I n  o t h e r  words we can  s a y  t h a t  a b o u t  o n e -  
f o u r t h  o f  t h e  r o u t e  l e n g t h  was com ple ted  up to  1880 i n  t h e  p e r i o d  o f  
t h e  e a r l y  18 y e a r s .  By t h i s  t im e  3 0 .1 4  p e r  c e n t  o f  th e  e x i s t i n g  nodes 
( to w n s)  were c o n n e c te d  f o r  w hich th e  f t  in d e x  i n c r e a s e d  from 0 .923  t o  
0 .9 7 7 ,  v e r y  c l o s e  t o  1 . 0 0 ,  The s ta g e  o f  t h e  ne tw ork  c o r r e s p o n d s  t o
Table 3.1
RAILROAD DEVELOPMENT OF THE PANJAB 1862-1970  
( T o p o lo g ic a l  and m e t r i c a t e d  i n d i c e s )
I n d i c e s  1870 1880 1890 1900 1910 1920 1930
R .L . ( m i l e s ) 229 665 1158 1620 2162 2401 2616
% i n c r e a s e - 1 9 0 .4 74 .1 3 9 .9 3 3 .4 1 1 . 0 9 .0
e (T) 12 43 77 97 124 137 151
v (T) 13 44 77 94 117 129 140
P 1 1 1 1 1 1 1 ’
H 0 0 1 4 6 9 12
<*(T) % 0 0 0 .7 2 .2 3 .5 3 .6 4 .4
j5(T) 0 .9 2 0 .9 8 1 . 0 1 .0 3 1 .06 1 .0 6 1 .0 8
*<(T) % 3 6 .4 34 .1 34 .2 3 5 .1 35 .9 3 5 .9 36 .5
V(T) % 2 .7 7 9 .9 5 1 7 .59 2 2 .45 2 8 .70 31 .7 1 3 4 .95
U (T ) 1 9 .0 8 15 .46 1 5 .2 4 1 6 .7 0 17 .43 1 7 .5 2 1 7 ,32
T h e ta  (T) 1 7 .61 15 .1 1 1 5 .2 4 17 .23 18 .48 1 8 .6 1 1 8 .6 8
D (T) 12 39 45 30 29 29 29
Dm (T) 229 604 673 523 523 523 523
e ( J ) 1 5 16 26 40 50 60
v  ( J ) 2 6 16 23 33 42 49
( J )  % 0 0 3 .7 9 .7 13 .1 1 1 .4 1 2 .9
J?( J) 0 .5 0 0 .8 3 1 . 0 1 .1 3 1 .2 1 1 .1 9 1 .22
v'XJ) % 0 4 1 .7 38.1‘ 41 .3 4 3 .0 4 1 .7 42 .5
r'Cj )  % 0 .7 3 .4 1 0 .9 1 7 .7 2 7 .2 3 4 .0 4 0 .8
>L(J) 229 133 7 2 .4 6 2 .3 54 .1 4 8 .0 4 3 ,6
D ( J ) 1 3 6 7 9 11 12
T h e ta  ( J ) 1 1 4 .5 110 .8 7 2 .4 70 .4 65 .5 5 7 .2 5 3 .4
R.D. (A)** 0 .2 5 0 .8 4 1 .46 2 .0 4 2.73 3 .0 3 3 .3 0
R.D, (T .P )* * * 0 .03 0 .0 8 0.13 0 .16 0 .2 0 0 .2 0 0 ,1 9
R.D. (U .P)**** 0 .3 7 0 .8 7 1 .3 9 1 ,7 1 2.15 2 .0 7 1 .5 5
*
R oute l e n g t h
**
Route  d e n s i t y  p e r  100 s q u a re  m i le s  
Route d e n s i t y  p e r  1 ,0 0 0  t o t a l  p o p u l a t i o n
Route  d e n s i t y  p e r  1 ,0 0 0  u r b a n  p o p u l a t i o n
1970
2811
7 .4  
157 
146
1
12
4 .2  
1 .0 7
3 6 .3 4
36 .3 4  
1 7 .9 0  
19 .25  
29 
523 
62
51
1 2 .4  
1.21
4 2 .2
4 2 .2
45 .3  
13
55 .1
3 .5 5
0 ,0 7
0 .3 1
T a b le  3.1c*
DEGREE OF ROAD DEVELOPMENT (1947 - 1977)
Year A B
1947 4 .4 9 5 .1 9
1965 9*00 1 1 .4 0
1966 9 ,3 0 1 1 .5 4
1967 9 .7 0 1 0 .6 8
1968 9 .82 1 0 .5 8
1969 9 .99 10 .8 0
1970 10 .22 1 0 .83
1971 10 .3 8 1 0 .6 0
1972 10 .52 1 1 .0 3
1973 10 .66 1 0 .9 9
1974 10 .68 11 .31
1975 1 0 .9 5 11 .6 2
1976 10 .83 11 .5 1
1977 1 1 .4 7 11 .7 1
A. *= P i  in d e x  b a s e d  on ’High Type R o a d s ’ ( i n c l u d e  t h e  s u r f a c e s  
o f  b la c k  t o p ,  c o n c r e te  and macadam)
B ^  P i  in d e x  b a s e d  on ’A l l  Type R oads ' ( a l s o  i n c l u d e  'Kacha* r o a d s ) .
S ou rce  o f  d a t a :  C h ie f  E n g in e e r ,  H ighways, P a n ja b ,  L a h o re .
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Phase  B (C h a in  w i th  b r a n c h e s )  o f  M edvedko's (1967) Four T y p ic a l  P h ases  
Model o r  e x a c t l y  p r e s e n t s  t h e  i n i t i a l  s t a g e  o f  L a c h e n e 's  (1965) model 
w i th  t h e  h i g h e s t  l e n g t h  i n  r o u t e  b u t  low c a p a c i t y  o f  t h e  i n d i v i d u a l  
l i n k  segm en t .  The ' j& ' in d e x  f o r  j u n c t i o n s  i s  showing a  b ig  i n c r e a s e  
( f ro m  0 .5 0  t o  0 .8 3 )  as  compared t o  ' f in d e x  f o r  to w n s .  I t  s u g g e s t s  
t h a t  t h e r e  was a l a r g e  i n c r e a s e  i n  t h e  i n t e r s e c t i o n s  o f  th e  n e tw o rk .  
S i m i l a r l y  'V  ' gamma in d e x  w hich m easu res  th e  number o f  r o u t e s  be tw een 
p l a c e s  as  a p e r c e n ta g e  o f  t h e  maximum p o s s i b l e  number o f  r o u t e s ,  shows 
an i n c r e a s i n g  s c o r e  o f  41 .6 7  p e r  c e n t  f o r  t h e  n e tw o rk s  showing j u n c t i o n s  
b u t  a d e c r e a s in g  s c o re  from  36 ,36  p e r  c e n t  t o  3 4 .1 2  p e r  c e n t  f o r  t h e  
n e tw o rk  showing towns as nodes  ( s e e  F ig u re  3 . 2 a ) ,  So t h i s  in d e x  shows 
a low c o n n e c t i v i t y  i n  b o th  c a s e s ,  The fi in d e x  w hich  i s  r e l a t e d  t o  
l e n g t h  and i n t e r s e c t i o n s  h a s  gone up t o  1 . 1 0  from  a minimum s c o re  o f
1 . 0 0  i n  t h e  l a s t  d e c a d e .  S i m i l a r l y  t h e  Y  in d e x  w hich  m easu res  th e  
i n c r e a s i n g  c o n n e c t i v i t y  and i s  r e l a t e d  t o  th e  i n c r e a s i n g  number o f  
e d g e s ,  h a s  i n c r e a s e d  w i th  t h e  i n c r e a s e  o f  v e r t i c e s  i n  t h e  n e tw o rk .
The T h e ta  in d e x ,  which m easu res  t h e  r a t i o  be tw een no d es  and l e n g t h ,  
h a s  d e c r e a s e d  i n  b o th  c a s e s  ( s e e  T a b le  3 . 1 ) .  As t h e  n e tw o rk  i s  s t i l l  
i n  C hain  fo rm  o r  i n  i t s  i n i t i a l  s t a g e ,  so t h e  a lp h a  in d e x  («<) and 
c y c lo m a t ic  number ( / O  a re  weak t o  m ea su re .
c .  1881-1890
D uring  t h i s  decade  th e  l e n g t h  o f  t h e  r o u t e  i n c r e a s e d  from  665 t o  
1158 m i le s  w i th  an i n c r e a s e  o f  493 m i le s  a b o u t  1 7 ,5 4  p e r  c e n t  o f  th e  
t o t a l  e x i s t i n g  n e tw o rk .  The p e rc e n ta g e  i n c r e a s e  i n  t h i s  decade i s  th e  
h i g h e s t  among th e  p r e v io u s  d e c a d e s .  By th e  end o f  1890 abou t  4 1 .2 0  p e r  
c e n t  o f  t h e  t o t a l  e x i s t i n g  l e n g t h  was com ple ted  and 5 2 .7 4  p e r  c e n t  o f  
th e  nodes  ( to w n s )  o f  t h e  e x i s t i n g  ne tw ork  were c o n n e c te d ,  w h i le  t h e  
p e r c e n ta g e  o f  t h e  j u n c t i o n s  (n o d e s )  c o n n e c te d  so f a r  i s  much l e s s .
I t  i s  3 1 .3 7  p e r  c e n t  and t h e r e  a r e  s t i l l  68 ,63  p e r  c e n t  t o  be c o m p le te d .  
S i m i l a r l y  the" Y (gamma in d e x )  which m easu res  t h e  c h a n g in g  c o n n e c t i v i t y  
o f  t h e  ne tw o rk  and i s  r e l a t e d  to  t h e  i n c r e a s e  o f  e d g e s ,  i s  low er  ( 3 ,4 0  
p e r  c e n t )  f o r  t h e  j u n c t i o n s  and i s  h i g h e r  ( 9 ,9 5  p e r  c e n t )  f o r  t h e  n e t ­
work showing to w n s .  T h is  v a r i a t i o n  i n  th e  i n d i c e s  f o r  two ty p e s  o f  
n e tw o rk  s u g g e s t s  t h a t  th e  n e tw o rk  i s  n o t  c o n g e s te d  and th e  nodes and 
l i n k s  a re  i n c r e a s i n g  i n  t h e  same r a t i o  ( s e e  T ab le  3 , 1 ) ,  With t h e  
c o m p le t io n  o f  a  c i r c u i t ,  t h e  ne tw ork  h a s  e n t e r e d  i n t o  Phase  C ( F i r s t
9 0
Ring S t r u c t u r e )  o f  t h e  Medvedko (1967) model o r  th e  second  s t a g e  o f  th e  
Lachene (1965)  model a s  t h e  ' B e ta  in d e x  and c y c lo m a t i c  number 
have  become one and th e  ' ' P i  in d e x  h a s  r e a c h e d  1 .7 2  ( > 1 )  a c c o r d in g
t o  t h e  r e q u i r e m e n ts  o f  th e  m o d e ls .  As t h e r e  i s  v e r y  low c o n n e c t i v i t y  
and c i r c u i t y ,  t h e r e f o r e  t h e ' c< ' a lp h a  in d e x  shows a v e r y  low s c o re  ( s e e  
T ab le  3 . 1 ) .  The gamma in d e x  h a s  d e c re a s e d  f o r  t h e  n e tw o rk  showing 
j u n c t i o n s  o n ly  w h i le  i t  h a s  i n c r e a s e d  f o r  t h e  o t h e r  n e tw o rk .  I t  s u g g e s t s  
t h a t  th e  edges  be tw een  j u n c t i o n s  i s  n o t  i n c r e a s i n g  i n  th e  same r a t i o  as 
t h e s e  ( e d g e s )  a r e  i n c r e a s i n g  betw een tow ns. T h e ta  i n d e x  h a s  i n c r e a s e d  
and s u g g e s t s  t h a t  t h e  i n c r e a s e  i n  t h e  r o u t e  l e n g t h  i s  h i g h e r  t h a n  th e  
i n c r e a s e  o f  towns i n  t h e  r e g i o n  i n  t h i s  d e c ad e ,  as  com pared to  t h e  
p r e v io u s  o n e .
D uring  t h i s  decade  an e x t e n s i o n  o f  493 m i le s  to o k  p l a c e  w i th  th e  
o p e n in g  and c o m p le t io n  o f  12 s e c t i o n s  from  1 -1 -1 8 8 1  t o  1 5 -3 -1 8 9 0 .  Among 
t h e s e  s e c t i o n s  a b o u t  123 m i l e s  o f  r a i l r o a d  was b u i l t  on th e  h i l l y  
n o r t h e r n  a r e a  o f  t h e  r e g i o n .  A f t e r  l i n k i n g  R aw alp ind i  w i th  K a ra c h i  i t  
was im p o r ta n t  t o  c o n n e c t  P eshaw ar,  t h e  main t r a d e  c e n t r e  o f  t h e  NWFP, 
w i th  K a r a c h i .  F o r  t h i s  p u rp o se  a l i n e  o f  46 m i le s  was e x te n d e d  to  
L aw rencepur on 1 -1 -1 8 8 1 ,  and j u s t  a f t e r  t h a t  i n  A p r i l  1881 a l i n k  
betw een  G o lra  (R a w a lp in d i )  and K hu sh h a lg a rh  was opened  ( s e e  F ig u re  3 , 1 b ) ,  
The l i n e  w hich was e x te n d e d  t o  M iani d u r in g  th e  l a s t  decade  went t o  B hera  
and a n o th e r  s e c t i o n  was opened t o  Khewra S a l t  m ines  i n  J a n u a r y  1883.
The p u rp o se  o f  t h i s  s e c t i o n  was t o  b r in g  th e  s a l t  by r a i l  i n s t e a d  o f  
by r i v e r .  As t h e  main l i n e  was n o t  s u f f i c i e n t  t o  c a r r y  th e  s a l t  t o  
t h e  s o u th ,  i t  was e s s e n t i a l  t h a t  a n o th e r  l i n e  a lo n g  t h e  In d u s  r i v e r  
be b u i l t .  So t h e  p r o j e c t  was s t a r t e d  d u r in g  th e  d e c a d e ,  t o  c o n n e c t  th e  
s a l t  m ines w i th  S h e r  Shah v i a  K undian and B hakka i ,  a t  t h e  same t im e  
i t  would d i v e r t ' s o m e  o f  t h e  r i v e r  t r a f f i c  from  th e  r i v e r  In d u s  t o  t h e  
r a i l r o a d .  T h is  s e c t i o n  was co m p le ted  in  1887 and was f i n a l l y  opened
w i th  t h e  c o m p le t io n  o f  th e  S h e r  Shah B ridge  on 1 s t  F e b ru a ry  1890.
Among t h e  i m p o r ta n t  towns o f  th e  r e g i o n  were S i a l k o t  and F e ro z e p o re  
w hich  s t i l l  w ere  t o  be c o n n e c te d .  As th e y  were n o t  v e r y  f a r  from  th e  
main l i n e ,  S i a l k o t  was c o n n e c te d  i n  J a n u a r y  1884 w i t h  a l i n k  be tw een  
S i a l k o t  and W a z ira b a d ,  w hich  was t h e n  e x te n d e d  t o  S u c h e lg a rh  on 
1 5 -3 -1 8 9 0 .  S i m i l a r l y  F e ro z e p o re  was c o n n e c te d  i n  Ju n e  1883 by a l i n k  
b e tw een  R aiw ind  and F e r o z e p o r e .
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T h is  decade  e n jo y e d  th e  maximum l in k a g e  o f  t h e  tow ns ( 2 2 .6 0  p e r  
c e n t ) .  The co m p ar iso n  o f  de c ad e s  ( s e e  F ig u re  3 .2 a )  s u g g e s t s  t h a t  by 
t h i s  t im e  m ost o f  t h e  p r e - r a i l w a y  t r a d e  c e n t r e s  h a d  been  l i n k e d  by 
r a i l  and i t  w i l l  be i n t e r e s t i n g  t o  examine th e  c h a n g es  i n  t h e s e  towns 
a lo n g  w i th  t h e  changes  o f  c o n n e c t i v i t y ,  i n  t h e  n e x t  c h a p t e r s .
d .  1891-1900
By th e  end o f  t h i s  decade  th e  r o u t e  l e n g t h  r o s e  from  1158 m i l e s  t o  
1620 m i le s  w i t h  an i n c r e a s e  o f  3 9 .8 9  p e r  c e n t  and  show ing a  p e r c e n ta g e  
o f  5 7 .63  o f  t h e  co m p le te d  l e n g t h  so f a r  and c o n n e c t in g  6 4 .3 8  p e r  c e n t  
o f  th e  towns ( o f  t h e  t o t a l  a s  on 1975) w i th  6 1 .7 8  p e r  c e n t  com p le ted  
l i n k s .  The i n c r e a s e  i n  t h e  c y c lo m a t ic  number from  one t o  f o u r  and a 
c o m p a r a t iv e ly  b i g  i n c r e a s e  i n  th e  edges  as compared to  v e r t i c e s  ( i n  
b o th  t y p e s  o f  n e tw o rk )  s u g g e s t s  t h a t  th e  ne tw ork  h a s  been  changed  to  
a w e l l  c o n n e c te d  g raph  f o r  w hich th e  a lp h a  in d e x  h a s  shown a good 
i n c r e a s e .  Among th e  m a t r i c a t e d  i n d i c e s ,  th e  d e c r e a s i n g  t h e t a  i n  t h e  
c a s e  o f  j u n c t i o n s  and i n c r e a s i n g  i n  t h e  c a se  o f  to w n s ,  s u g g e s t s  t h a t  
t h e  i n t e r s e c t i o n s  have  i n c r e a s e d  among th e  a l r e a d y  b u i l t  l i n e s ,  as 
compared t o  t h e  nodes  on th e  new l i n e s .  I n  t h e  same way, t h e  l e n g t h  
a lo n g  th e  t o p o l o g i c a l  d i a m e te r  w hich was i n c r e a s i n g ,  h a s  d e c r e a s e d  and 
i n d i c a t e s  t h e  s p r e a d  o f  t h e  n e tw o rk .  An i n c r e a s i n g  d i f f e r e n c e  betw een  
th e  number o f  edges  and th e  t o p o l o g i c a l  d ia m e te r  i s  e v i d e n t  . The 
sudden  i n c r e a s e  i n  *Dm ' i n d i c a t e s  some a d d i t i o n  o f  s h o r t  c u t  r o u t e s  
( s e e  T ab le  3 . 1 ) .
A l l  t h e s e  p r o p e r t i e s  o f  t h e  ne tw o rk  g iv e n  by t o p o l o g i c a l  and m at­
r i c a t e d  i n d i c e s  can  be c o n f i rm e d  by lo o k in g  a t  t h e  deve lopm en t o f  t h e s e  
s e c t i o n s  i n  d e t a i l  d u r in g  t h e  d e c a d e .  The r e c o r d s  show t h a t  a t o t a l  o f  
462 m i l e s  i n  l e n g t h  d i v id e d  i n t o  f i v e  s e c t i o n s  was opened  i n  e i g h t  
d i f f e r e n t  s t a g e s  d u r in g  t h i s  d e c a d e .  Now more a t t e n t i o n  was b e in g  
p a id  t o  r e d u c i n g  d e to u r s  and c o n n e c t in g  th e  main l i n e  by p o s s i b l e  
s h o r t - c u t  r o u t e s  f o r  w hich  th e  main t a s k  was b r i d g i n g  t h e  r i v e r s .  The 
g e o g ra p h ic  e f f e c t s  o f  v i r t u a l l y  u n r e g u l a t e d  s p re a d  o f  r a i l w a y s  up t o  
t h i s  decade  may be se en  i n  F ig u re  3 .1 b  where t h e  n e tw o rk  was s t i l l  some­
w hat s i m i l a r  i n  shape  t o  t h a t  o f  t h e  r i v e r s  n e tw o rk  ( s e e  F ig u re  1 .1 )  
w here a p p ro x im a te ly  a l l  t h e  l i n e s  a re  p a r a l l e l  t o  t h e  r i v e r s  and th e  
same p o s i t i o n  rem a in e d  up t o  1930 . I n  t h i s  c a s e  i t  seems t h a t  a l l  t h e
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d e to u r s  w ere  r e d u c e d  a c c o r d in g  t o  th e  im p o r ta n c e .  When Peshaw ar was 
l i n k e d  w i th  K a r a c h i ,  i t  was a lo n g  d i s t a n c e  by main l i n e .  At th e  
b e g in n in g  o f  t h i s  decade a s e c t i o n  betw een  Kundian and M ari In d u s  was 
opened on 1 5 -3 -1 8 9 2 ;  t h i s  was e x te n d e d  from  Daud Khel t o  Campbelpur 
v i a  J a n d  and B a sa l  on 1 s t  A p r i l  1899 ( s e e  F ig u re  3 . 1 b ) .  The o p e n in g  o f  
t h i s  s e c t i o n  gave r i s e  t o  t h e  '(?( ' ( a l p h a  in d e x )  and ( c y c lo m a t ic
num ber) and th e  n e tw o rk  e n t e r e d  th e  'D Phase o f  Medvedko' s. (1967 )  m odel.  
Meanwhile a n o th e r  a t t e m p t  was made t o  c o n n e c t  Khanewal w i th  W azirabad  
to  r e d u c e  a n o th e r  d e t o u r .  The f i r s t  p o s i t i o n  o f  t h i s  l i n k  betw een 
W azirabad  and H a f iz a b a d  was c o m p le ted  i n  August 1895 , e x te n d e d  t o  
L y a l lp u r  i n  F e b ru a ry  1896 and l a t e r  on c o n n e c te d  w i t h  Khanewal on th e  
1 6 th  A p r i l  1900 . A p a r t  from t h i s  a n o th e r  im p o r ta n t  l i n k  betw een  
B h a t in d a  and Sama S a t a  was c o m p le ted  i n  November 1897; from  t h i s  
l i n e  a b o u t  155 m i l e s  be tw een Sama S a t a  and Qasimwala i s  s t i l l  i n  t h e  
P a n ja b  ( P a k i s t a n ) .
e .  1901-1910
I t  i s  c l e a r  from  F ig u re  3 ,1 a  t h a t  i n  t h i s  decade  th e  peak o f  grow th 
i n  r o u t e  m ile a g e  i n  t h e  r e g i o n  was r e a c h e d .  More t h a n  t h r e e  q u a r t e r s  
o f  th e  e x i s t i n g  r o u t e  l e n g t h  (2811 m i l e s )  was c o m p le te d  up to  th e  end 
o f  t h i s  d e c a d e ,  T h is  p e r i o d  has  g r e a t  s i g n i f i c a n c e  i n  th e  h i s t o r y  o f  
t h e  r e g i o n  and p a r t i c u l a r l y  i n  th e  Indus  b a s i n  when i n  1905 th e  
Government ap p ro v ed  th e  T r i p l e  Canal P r o j e c t  and th e  t h r e e  c a n a l s ,
Upper Jh e lu m , Upper Chenab and Lower B a r i  Daab, were d e s ig n e d  t o  t a k e
o f f  from  th e  w e s t e r n  r i v e r  and w i th  th e  deve lopm en t o f  i r r i g a t i o n ,  
t h e r e  was a n e e d  t o  b u i l d  a  r a i l w a y  betw een  t h e s e  new ly  i r r i g a t e d  a r e a s  
A l l  th e  new r a i l w a y  l i n e s  were opened i n  t h i s  a r e a  d u r in g  t h i s  decade
( s e e  F ig u re  3 . 1 b ) .  D uring  t h i s  t im e  some o f  th e  new s e c t i o n s  were
opened i n  t h e  doabs ( a r e a s  be tw een  two r i v e r s )  o f  t h e  new ly  s e t t l e d  
c a n a l  c o l o n i e s  o f  S a rgodha  ( S h a h p u r ) , L y a l l p u r ,  K h e ik h u p u ra  and S ah iw a l  
Most o f  th e  s e c t i o n s  were opened  a lo n g  th e  r i v e r s  o r  be tw een  th e  r i v e r s  
so a v o id in g  th e  b u i l d i n g  o f  b r id g e s  ( s e e  F ig u re  3 . 1 b ) .
D uring  t h i s  p e r i o d  a t o t a l  o f  542 m i le s  r o u t e  l e n g t h  was added to  
t h e  n e tw o rk ,  w hich  i s  t h e  h i g h e s t  s in c e  i t s  i n c e p t i o n  ( s e e  Tab le  3 . 1 ) ,  
The a l r e a d y  e x te n d e d  l i n k  t o  Malakwal was f u r t h e r  e x te n d e d  to  Sargodha
on 1 s t  A p r i l  1903 . On 1 4 th  May 1906, a f t e r  c o n s t r u c t i o n  work which 
to o k  t h r e e  y e a r s ,  i t  was c o n n e c te d  t o  S h o r k o t .  M eanwhile w i th  th e  
b u i l d i n g  o f  213 m i le s  o f  l i n e  (which was co m p le ted  on 6 t h  J u l y  1 9 1 0 ) ,  
K asu r  was l i n k e d  w i th  L odh ran . The main aim o f  t h i s  l i n e  was t o  c r o s s  
t h e  f e r t i l e  r e g i o n  betw een  th e  Ravi and th e  S u t l e j .  As t h e r e  was a 
huge t r a f f i c  on th e  M ultan  -  Lodhran s e c t i o n  a s h o r t  c u t  ( c h o r d )  l i n k  
be tw een  Khanewal and Lodhran  was opened i n  A p r i l  1909 and th e  t r a f f i c  
was f u r t h e r  r e d u c e d  by th e  o p en in g  o f  a l i n k  be tw een  McLeod Ganj Road 
and F e ro z e p o re  i n  F e b ru a ry  1906 . Some f u r t h e r  d ev e lo p m en ts  w ere  made 
w i th  a  c o n n e c t io n  be tw een  S h a h d a ra  and S a n g la  H i l l  and an e x t e n s i o n  
be tw een  S h e ik h u p u ra  and J a r a n w a la  on 1 8 th  November 1909 .
The ne tw o rk  d e v e lo p e d  so f a r  p r e s e n t s  a good p i c t u r e  o f  th e  t h i r d  
s t a g e  o f .L a c h e n e ' s  (1965) model o r  Phase  D o f  M edvedko 's  (1967 )  model 
w here th e  * and * $  ' i n d i c e s  a r e  above one ( s e e  T a b le  3 . 1 ) .  The 
t a b l e  shows t h a t  ' ' ( c y c lo m a t ic  number) o f  th e  n e tw o rk  h a s  i n c r e a s e d  
t o  8 which s u g g e s t s  a good i n c r e a s e  i n  th e  c i r c u i t y  o f  t h e  n e tw o rk .  
S i m i l a r l y ,  (p{ ( a l p h a  in d e x )  h a s  a l s o  i n c r e a s e d .  Gamma in d e x  ( V ) 
w hich m easu res  t h e  number o f  r o u t e s  be tw een  p l a c e s  as  a p e r c e n ta g e  o f  
th e  maximum p o s s i b l e  number o f  l i n k s  s u g g e s t s  i n  b o th  c a s e s  t h a t  th e  
r a t i o  o f  t h e  i n c r e a s e  o f  edges  i s  h i g h e r  th a n  th e  v e r t i c e s .  The t h e t a  
in d e x  (w hich  m easu res  th e  r a t i o  be tw een  l e n g t h  and v e r t i c e s )  h a s  
i n c r e a s e d  i n  t h e  c a se  o f  towns w h i le  i t  h a s  d e c r e a s e d  i n  t h e  c a se  o f  
j u n c t i o n s .  I t  f u r t h e r  s u g g e s t s  t h a t  t h e  towns have  n o t  i n c r e a s e d  as 
much as  t h e  j u n c t i o n s  showing t h a t  th e  new l i n k s  o r i g i n a t e d  o r  te rm ­
i n a t e d  f r o m / i n  th e  a l r e a d y  e x i s t i n g  l i n e s ;  t h i s  i n t e r s e c t i o n  i n  t h e  
a l r e a d y  e x i s t i n g  l i n k s  h a s  i n c r e a s e d  i n  th e  n e tw o rk .  No change
i n  t h e  l e n g t h  o f  t o p o l o g i c a l  d ia m e te r  s u g g e s t s  th e  s p r e a d  o f  th e  n e t ­
w ork , which can  be c o n f i rm e d  by f j  (P i  in d e x )  t h a t  h a s  i n c r e a s e d  t o  
4 .1 3  ( s e e  T ab le  3 . 1 ) .
f . 1911-1920
T h is  p e r i o d  o f  th e  r o u t e  l e n g t h  was n o t  as im p o r t a n t  a s  i n  th e  
p r e v io u s  d e c a d e s .  P ro b a b ly  more a t t e n t i o n  was p a id  t o  i r r i g a t i o n " .  " 
d e v e lo p m en t .  The t o t a l  l e n g t h  i n c r e a s e d  d u r in g  t h i s  decade  was 
293 m i l e s  w hich i n c lu d e d  th e  o p e n in g  o f  sm a l l  s e c t i o n s  r a n g in g  betw een  
se v en  and 39 m i l e s ,  e x c e p t  f o r  one which was e x te n d e d  from  J a ra n w a la
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t o  S h o rk o t  on 2nd May 1911 ( w i th  a t o t a l  l e n g t h  o f  88 m i l e s ) . The 
o t h e r  sm a l l  s e c t i o n s  a r e  Khanpur t o  Chachran  and Mari In d u s  t o  Bannu 
w hich were co m p le te d  be tw een  1911 and 1913 . S i m i l a r l y  t h e  o p en in g  o f  
t h e  s e c t i o n s  be tw een  Manda -  Bhaun and S i a l k o t  -  N arow a l,  to o k  p l a c e  
be tw een  May 1911 and J a n u a ry  1916 .
By th e  end o f  t h i s  decade  8 8 .4  p e r  c e n t  o f  th e  nodes  ( to w n s)  were 
c o n n e c te d  by th e  n e tw o rk .  I n  th e  c a se  o f  j u n c t i o n s  a l l  t h e  i n d i c e s  
show a d e c re a s e  e x c e p t  /-*»$(> f t  an^ D. In  t h i s  c a s e  t h e  d e c r e a s in g  
' f t  * s u g g e s t s  t h a t  t h e  r a t i o  o f  i n c r e a s e  i n  j u n c t i o n s  i s  much more th a n  
th e  l i n k s ,  b u t  i n  th e  c a s e  o f  towns i t  i s  th e  r e v e r s e .  The gamma in d e x  
i n  t h i s  c a se  i s  d e c r e a s in g  f o r  t h e  same r e a s o n .  The e t a  in d e x  ( ^ )  
which m easu res  th e  r a t i o  be tw een  th e  edges  and th e  l e n g t h  i s  d e c r e a s in g  
f o r  t h e  f i r s t  t im e ,  t h e  r e a s o n  b e in g  t h a t  th e  number o f  ed g es  h a s  
i n c r e a s e d  w h i le  t h e  i n c r e a s e  i n  th e  l e n g t h  i s  n o t  s o .  I t  p r e s e n t s  a 
dense shape  t o  t h e  ne tw o rk  ( s e e  T a b le  3 . 1 ) .  I n  th e  c a s e  o f  th e  n e tw o rk  
showing towns a l l  t h e  i n d i c e s  a r e  i n c r e a s i n g .  The co m p a r iso n  betw een  
th e  two ty p e s  o f  t h e  same n e tw o rk  i n  t h i s  decade  s u g g e s t s  t h a t  a t  th e  
i n i t i a l  s t a g e s  th e  s c o r e s  o f  th e  m a t r i c a t e d  i n d i c e s  l i k e  e t a  and t h e t a  
f o r  t h e  n e tw o rk  showing j u n c t i o n s  o n ly  i s  h ig h  and d e c r e a s e s  as  t h e  
ne tw ork  d e v e lo p s ,  w h i l e  t h e s e  i n d i c e s  f o r  th e  n e tw o rk  showing towns a re  
a l s o  h i g h e r  a t  t h e  b e g in n in g  and keep  on d e c r e a s in g  u n t i l  t h e  d e v e lo p — 
ment o f  a c i r c u i t ,  a f t e r  t h a t  t h e y  i n c r e a s e  a g a in .
g .  1921-1931
A lthough  t h i s  decade  does n o t  show much change i n  t h e  r o u t e  l e n g t h ,  
i t  i s  im p o r ta n t  f o r  n e tw o rk  d e v e lo p m en t .  I n  t h i s  decade  th e  s c o r e s  o f  
t o p o l o g i c a l  i n d i c e s  show an i n c r e a s e  w h i le  t h e  m a t r i c a t e d  i n d i c e s  
( e x c e p t  f j  ) r e l a t e d  t o  t h e  l e n g t h  show a d e c l i n e ,  w hich s u g g e s t s  t h a t  
t h e r e  w ere  no d ev e lo p m en ts  on th e  new a r e a s  b u t  t h a t  t h e  deve lopm en ts  
were made i n  t h e  e x i s t i n g  s u r ro u n d e d  ne tw ork  w i th  t h e  l i n k a g e  i n c r e a s e .  
I t  can  be c o n f i rm e d  w i th  th e  i n c r e a s e  o f  ' /*  * from  9 t o  12 and th e  
a lp h a  in d e x  o f  1 2 .9 0  p e r  c e n t  f o r  j u n c t i o n s  and 4 .3 6  f o r  th e  ne tw ork  
showing to w n s .  S i m i l a r l y  t h e  y? ' and * ^ ' i n d i c e s  have  shown an 
i n c r e a s e  i n  b o th  c a s e s .  The u n ch an g in g  l e n g t h  i n  t h e  d ia m e te r  s u g g e s t s  
t h e  s p re a d  o f  th e  n e tw o rk  where t h e  P i  in d e x  h a s  r e a c h e d  t o  5 .00  
( s e e  T ab le  3 . 1 ) .
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h. 1931-1970
A lthough  t h i s  p e r i o d  o f  f o u r  d e c ad e s  does  n o t  show any s i g n i f i c a n t  
change i n  t h e  t o p o l o g i c a l  i n d i c e s  o f  th e  r e g i o n ,  h ow ever ,  a  c o n s id e r a b l e  
d e c re a s e  i n  RD (UP) i d e n t i f i e s  a  d r a m a t ic  i n c r e a s e  i n  u r b a n  p o p u l a t i o n  
d u r in g  t h i s  p e r i o d  ( s e e  T ab le  3 . 1 ) .  On th e  o t h e r  h a n d ,  t h e  lo w e s t  
i n c r e a s e  ( 7 , 4  p e r  c e n t )  i n  t h e  r o u t e  l e n g t h  o f  th e  r a i l  n e tw o rk  
i n d i c a t e s  t h e  im p o r ta n t  r o l e  o f  r o a d  deve lopm ent i n  u r b a n  grow th  d u r in g  
th e  p e r i o d .  I n  t h i s  r e s p e c t  i t  w i l l  be h e l p f u l  t o  lo o k  a t  th e  h i s t o r ­
i c a l  backg round  o f  r o a d  c o n s t r u c t i o n  i n  t h e  r e g i o n ,  w i t h  p a r t i c u l a r  
em phasis  on p o s t  p a r t i t i o n  d e v e lo p m en t .
3 .7  Changing S t r u c t u r a l  P a ra m e te r s
The h i s t o r i c a l  g row th  o f  r o u t e  l e n g t h  d i s c u s s e d  so f a r  g iv e s  a good 
p i c t u r e  o f  t h e  n e tw o rk  deve lopm en t which was accom panied  by changes  i n  
i t s  t o p o l o g i c a l  p r o p e r t i e s .  These  t o p o l o g i c a l  i n d i c e s  w ere  compared 
w i t h i n  t h e  d e c a d e ,  a lo n g w ith  m e t r i c a t e d  i n d i c e s  and was c l e a r  t h a t  a l l  
i n d i c e s  d id  n o t  show r e g u l a r  change o v e r  th e  p e r i o d .  I n  t h i s  s e c t i o n  
i t  w i l l  be i n t e r e s t i n g  t o  compare t h e s e  i n d i c e s  and t o  f i n d  a more 
d e t a i l e d  p i c t u r e  o f  t h e  s t r u c t u r e  o f  th e  t r a n s p o r t  n e tw o rk  th ro u g h  t im e .  
T h is  co m p ar iso n  w i l l  be u s e f u l  i n  i d e n t i f y i n g  p e r i o d s  o f  g r e a t l y  
i n c r e a s e d  c o n n e c t i v i t y  and deve lopm ent and o t h e r  p e r i o d s  i n  which t h i s  
deve lopm ent showed l i t t l e  s i g n i f i c a n t  ch an g e .  I t  w i l l  p r o v id e  
f o r  t r a c i n g  th e  r e l a t i o n s h i p  be tw een  changes  i n  ne tw o rk  deve lopm ent and 
changes  i n  u rb a n  g row th  i n  t h e  r e g i o n ,  th ro u g h  a c c e s s i b i l i t y .
As h a s  a l r e a d y  been  m en tio n ed  th e  t r a n s p o r t  sy s tem  o f  a r e g i o n  can  
be g rouped  i n t o  'RR' ( R a i l r o a d )  'HWY' (Highways) e t c .  w hich  r e p r e s e n t  
th e  p a r t i a l  sy s tem  o f  th e  n e tw o rk .  I n  t h i s  c a s e  we a re  d e a l i n g  w i th  
th e  RR n e tw o rk .  S i m i l a r l y  t h e  d e f i n i t i o n  o f  v e r t i c e s ,  b e in g  th e  most 
im p o r ta n t  p r o p e r t y  o f  t h e  n e tw o rk ,  can  change th e  v a l u e s .  Any j u n c t i o n  
o f  th e  edges  can  be d e f i n e d  as  a v e r t e x  (C h o r le y  and H a g g e t t  1 9 6 9 ) ,  
However, i n  a s tu d y  o f  t r a n s p o r t  n e tw o rk s  u rb a n  c e n t r e s  a r e  commonly 
th e  f o c i  o f  t h e  t r a n s p o r t  sy s tem  and t h e r e f o r e  u rb a n  c e n t r e s  a re  
r e g a r d e d  as  v e r t i c e s  i n  th e  t o p o l o g i c a l  a n a l y s i s  ( T a a f f e  and G a u th ie r  
1 9 7 3 ) ,  I t  i s  f u r t h e r  s u g g e s te d  t h a t  th e  s c a l e  o f  a n a l y s i s  h a s  a b e a r i n g  
on th e  s i z e  o f  u r b a n  c e n t r e s  which can  b o th  l o g i c a l l y  and p r a c t i c a l l y
be t r e a t e d  as  v e r t i c e s .  I n  t h i s  c a s e  as  t h e  s tu d y  i s  m a in ly  c o n c e rn e d  
w i th  th e  u r b a n  g ro w th ,  i t  i s  n e c e s s a r y  t o  f o l l o w  th e  seco n d  app roach  
b u t  some o f  t h e  i n d i c e s  show a b ig  d i f f e r e n c e  i n  t h e  v a l u e s  o f  d i f f e r e n t  
a p p ro a c h e s .  Fo r  t h i s  r e a s o n  b o th  a p p ro a c h e s  have  been  f o l lo w e d  and 
t h e  c o m p ar iso n s  be tw een  i n d i c e s  and t h e n  be tw een  th e  a p p ro a c h e s  w i l l  
be u s e f u l  i n  t h e  e x a m in a t io n  o f  t h e  s t r u c t u r e  th ro u g h  t im e .
For t h i s  p u rp o se  t h e  n e tw o rk  w hich  c o n s i s t s  o f  j u n c t i o n s  o n ly  as  
v e r t i c e s  w i l l  be d e n o te d  a s  RR(J) and t h e  n e tw o rk  w hich  c o n s i s t s  o f  
u r b a n  c e n t r e s  ( 5 ,0 0 0  and above p o p u l a t i o n ,  w i th  some e x c e p t io n s  a c c o r d in g  
t o  Census 1972) and  th e  j u n c t i o n s  ( i f  n o t  i n c lu d e d  a s  to w n s)  w i l l  be 
d e n o te d  a s  RR(T). I n  t h e  c a se  o f  t h e  boundary  c r o s s i n g  e d g es  i n  R R (J ) ,  
t h e  a d j u s t e d  m easu res  i n t r o d u c e d  by Kansky (1963) a r e  f o l l o w e d .
The d i f f e r e n c e  be tw een  t h e s e  d e f i n i t i o n s  can  be exam ined from  T a b le  
3 . 1 .  T h is  d i f f e r e n c e  i s  n o t  so c l e a r  i n  th e  t o p o l o g i c a l  i n d i c e s  as  i t  
i s  i n  th e  m e t r i c a t e d  i n d i c e s .  S i m i l a r l y  ' w hich  m ea su res  t h e  r a t i o  
be tw een  edges  and v e r t i c e s  shows much d i f f e r e n c e  o f  RR(J) and RR(T),
I t  s u g g e s t s  t h a t  t h e r e  i s  a  good r e l a t i o n s h i p  be tw een  t h e  t o p o l o g i c a l  
i n d i c e s  i r r e s p e c t i v e  o f  t h e  d e f i n i t i o n  o f  v e r t i c e s  and th e  v a lu e s  
o b t a i n e d  by m e t r i c a t e d  i n d i c e s  a r e  much a f f e c t e d  w i th  t h e  change o f  
t h e  d e f i n i t i o n  o f  v e r t i c e s  ( s e e  T a b le  3 . 1 ) ,  I n  t h i s  c a s e  m e t r i c a t e d  
i n d i c e s  a r e  weak t o  m easu re  a t  t h e  i n i t i a l  s t a g e  o f  t h e  n e tw o rk  b u t  
a r e  v e ry  u s e f u l  l a t e r  on (Kansky 1 9 6 3 ) ,
L ooking a t  t h e  grow th  o f  r o u t e  l e n g t h  th ro u g h  t h e  p e r i o d  we see  t h a t  
i t  i s  smooth u n t i l  1910 and a f t e r  t h a t  t h e r e  i s  a s h o r t  d e c l i n e  ( s e e  
F ig u re  3 , 1 a ) .  I t  s u g g e s t s  a  maximum developm en t up t o  t h a t  p e r i o d ,  
w hich  can  be c o n f i rm e d  by lo o k in g  a t  t h e  n e t  i n c r e a s e  i n  t h e  p e r io d  
u n d e r  s tu d y  w hich  i d e n t i f i e s  two d e c ad e s  1881-1890 and 1901-1910 , where 
maximum r o u t e  l e n g t h  was a dded . S i m i l a r l y  th e  n e t  p e r c e n ta g e  i n c r e a s e  
o f  edges  i s  h ig h  u n t i l  1910 , which i s  r e c o g n iz e d  as  a p e r i o d  o f  maximum 
developm en t i n  r o u t e  l e n g t h .
3 .8  T o p o lo g ic a l  Changes
Though th e  b a s i c  p u rp o se  o f  a l l  t h e s e  t o p o l o g i c a l  i n d i c e s  i s  t o  
m easure  c o n n e c t i v i t y ,  how ever ,  i t  i s  im p o r ta n t  t o  d i s t i n g u i s h  th e  t y p e s
o f  c o n n e c t i v i t y  f o r  w hich i n d i v i d u a l  m easu res  a re  u s e f u l .  A l l  th e s e  
f o u r  m easu res  o f  ' ' ,  ' c?('» ' and ' / '  i n d i c a t e  d i f f e r e n t  a s p e c t s  
( o f  c o n n e c t i v i t y ) ,  o f  ' a b s o l u t e  c i r c u i t ' ,  ' r e l a t i v e  c i r c u i t ' ,  ' s im p le  
l i n k a g e '  and ' r e l a t i v e  l i n k a g e '  c o n n e c t i v i t i e s  r e s p e c t i v e l y .  I n  t h i s  
s e c t i o n  an a t t e m p t  h a s  been  made t o  u n d e r s t a n d  th e  c h a n g in g  p a t t e r n  
o f  c o n n e c t i v i t y  th ro u g h  p e r i o d  w i th  t h e  h e lp  o f  t h e s e  i n d i c e s .
A cco rd ing  t o  t h e  g rap h  t h e o r y  ' c i r c u i t '  i s  t h e  end p r o d u c t  o f  
e v o l u t i o n  th ro u g h  p a th  and t r e e  s t a g e s .  Two p a ra m e te r s  o f  c i r c u i t y
i e .  ' ' and ' o( ' have  r e c o r d e d  no change u n t i l  1890, when a sudden
change can  be n o t i c e d  from  t r e e  t o  c i r c u i t  and th e n  i d e n t i f y i n g  th e  
p e r i o d  o f  g r e a t  i n c r e a s e  (1890-1910)  i n  c i r c u i t y .  A f t e r  a m inor 
i n c r e a s e  i n  1920, a n o th e r  s i g n i f i c a n t  change be tw een  1920-30  i n d i c a t e s  
th e  c o m p le x i ty  o f  t h e  n e tw o rk .
The B e ta  in d e x  c l o s e l y  m o n i to r s  th e  changes f o r  b o th  RR(J) and 
RR(T) from  p a th  th ro u g h  t r e e  t o  c i r c u i t  i n  1890. I n  th e  c a se  o f  RR(T) 
i t  i s  smooth u n t i l  1910 and a f t e r  i d e n t i f y i n g  a v e r y  m in o r  change 
betw een 1910-20  i t  i s  a g a in  smooth u n t i l  1930 and i n d i c a t e s  o n ly  d e c l i n e  
betw een 193 1 -7 0 ,  w h i l e  i n  t h e  c a s e  o f  R R (J ) ,  t h e  in d e x  h a s  r e c o r d e d  a
d e c l i n e  be tw een  1910-20  ( s e e  T ab le  3 . 1 ) ,  I t  s u g g e s t s  t h a t  d u r in g  t h i s
p e r i o d  (1 9 1 0 -7 0 )  t h e r e  was much i n c r e a s e  i n  t h e  edges  be tw een  towns 
w h i le  t h e r e  was n o t  s u f f i c i e n t  i n c r e a s e  i n  th e  edges  be tw een  j u n c t i o n s .  
I t  can  a l s o  be c o n f i rm e d  by th e  d e c l i n i n g  t r e n d  o f tfj-J) d u r in g  th e  p e r i o d .  
A c o m p a r iso n  be tw een  th e  n e t  i n c r e a s e  o f  e*J,' and v ' J '  ( s e e  T ab le  3 .1 )  
shows t h a t  be tw een  1910 -20 , t h e r e  was much d e c l i n e  i n  t h e  p e rc e n ta g e  
o f  edges  as  compared t o  t h e  v e r t i c e s .  T h i s  i n d i c a t e s  t h a t  d u r in g  t h i s  
p e r i o d  th e  r a t i o  o f  t h e  edges c o n n e c t in g  a l r e a d y  e x i s t i n g  nodes i s  
h i g h e r  t h a n  th e  edges  c r e a t i n g  new n o d e s ,  w h i le  th e  d e c l i n e  d u r in g  1931-  
70 i s  due t o  th e  l i n k s  o f  new n o d e s .
I n  t h e  c a se  o f  RR(J) th e  v a lu e s  f o r  t h e  i n i t i a l  s t a g e  c an  n o t  be 
p ro d u c e d ,  as  t h e r e  w ere  o n ly  two v e r t i c e s  i n  1870 w h i l e  i n  t h e  c a se  o f  
RR(T) t h e r e  a r e  more th a n  two v e r t i c e s ,  A s e t  o f  f l u c t u a t i n g  r e s u l t s  
can  be d e te rm in e d  f o r  1880 onw ard . These p a r t i c u l a r l y  em phas ise  th e  
ups  and downs o f  c o n n e c t i v i t y  m easure  f o r  ' and * Y '  v a l u e s ,  d e s p i t e  
t h e  f a c t  t h a t  t h e r e  a r e  no r a i l  c l o s u r e s  and one m ig h t  e x p e c t  th e  
m easu res  t o  i n c r e a s e  t h e  v a lu e  as  new l i n e s  a re  b u i l t .  The main r e a s o n
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f o r  t h e  d e c l i n i n g  c o n n e c t i v i t y  m easu res  i s  t h a t  t h e y  a r e  r e l a t i v e  to  
t h e  number o f  p o i n t s  w hich e x i s t  a t  t h a t  t im e .  I n  t h e  c a s e  o f  RR(J) 
t h e r e  a r e  two d e c l i n e s ,  one i n  1890 and th e  o t h e r  i n  1920 ( s e e  T a b le  
3 . 1 ) ,  The b e t a  in d e x  i s  in d e p e n d e n t  o f  t h e  number o f  v e r t i c e s  and i s  
m a in ly  c o n c e rn e d  w i th  t h e  i n c r e a s e  o r  d e c r e a s e  o f  e d g e s .  I n  t h i s  c a s e  
t h e  number o f  e d g e s  d i d  n o t  i n c r e a s e  a c c o r d in g  t o  t h e  r a t i o  o f  v e r t i c e s  
o r ,  i n  o t h e r  w o rd s ,  th e  r a t i o  o f  th e  a c t u a l  edges  i n  t h e  ne tw o rk  i s  
much low er  th a n  t h a t  o f  t h e  maximum edges  r e q u i r e d  i n  t h e  n e tw o rk  f o r  
t h e s e  p e r i o d s .
To lo o k  a t  t h e  g r a d u a l l y  i n c r e a s i n g  c o n n e c t i v i t y  we c o n s i d e r  a l l  
p o i n t s  t h a t  w ere  f i n a l l y  b r o u g h t  i n t o  t h e  ne tw ork  f o r  each  d a t e ,  ( i n  
th e  c a s e  o f  RR(J) i t  i s  51 and i n  RR(T) i s  146) and ‘ y ' (w h ich  m easu res  
t h e  i n c r e a s i n g  l i n k a g e  among a l l  p o i n t s  a t  e v e ry  d a t e )  r e c o r d s  a con­
s i s t e n t l y  i n c r e a s i n g  t r e n d  ( s e e  T a b le  3 . 1 ) .  I t  i s  a  u s e f u l  m easure  
b e c au se  a l l  v a l u e s  a re  r e l a t i v e  t o  th e  f i n a l  ne tw o rk  r a t h e r  th a n  t o  
t h e i r  own p a r t i c u l a r  s e t  o f  c o n n e c te d  p l a c e s .
The d ia m e te r  w hich  i s  t h e  t o p o l o g i c a l  l e n g t h  o f  t h e  l o n g e s t  p a th  o f  
t h e  g raph  i n d i c a t e s  t h e  deve lopm en t o f  t h e  ne tw ork  and k e e p s  on i n c ­
r e a s i n g  as  a s t r a i g h t  l in e ( « v i t ts i  j u n c t i o n s  ate- b u i l t ) .  I t s  i n c r e a s e  
i n  t h e  f i r s t  s t a g e s  o f  1870-80  and 1880-90  i n d i c a t e  t h e  l e n g t h  w i th o u t  
b r a n c h e s ,  w h i l e  i t s  sudden  d e c l i n e  be tw een  1890-1900 i n d i c a t e s  c o m p le x i ty  
o r  s h o r t  c u t s  and i t s  s t a t i c  p o s i t i o n  shows e i t h e r  no deve lopm en t a t  a l l  
o r  deve lopm ent i n  t h e  b r a n c h e s .
1 0 0
C h a p te r  4 
TEMPORAL RELATIONSHIPS
4 ,1  I n t r o d u c t i o n
I n  th e  p r e v io u s  c h a p t e r  a number o f  n e tw ork  m ea su res  p ro p o se d  by 
Kansky (1963) w ere  a p p l i e d  i n  t h e  r e g i o n a l  t r a n s p o r t  s y s te m . The 
b a s i c  c o n c e rn  o f  t h i s  c h a p t e r  i s  t o  examine t h e  u t i l i t y  o f  t h e s e
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m e a s u re s ,  by a p p ly in g  them t o  e m p i r i c a l  e v id e n c e / i  e x p r e s s  n u m e r i c a l ly  
a  h y p o t h e s i z e d  r e l a t i o n s h i p  be tw een  s t r u c t u r e  o f  t r a n s p o r t  n e tw o rk  and 
u rb a n  deve lopm en t i n  th e  r e g i o n  o f  th e  P a n ja b ,  I t  i s  g e n e r a l l y  h y p o th ­
e s i z e d  t h a t  a r e a s  w i th  h ig h  u r b a n  deve lopm ent have  w e l l  d e v e lo p e d  r a i l ­
r o a d s  and h ighw ay  n e tw o rk s  o f  c o m p l ic a te d  s t r u c t u r e  and dense  n e tw o rk
p a t t e r n ,  w h i l e  c o n v e r s e ly ,  l e s s  d e v e lo p e d  r e g i o n s  have  s im p le  t r a n s ­
p o r t a t i o n  n e tw o r k s .
The i n t r o d u c t i o n  o f  modern t r a n s p o r t a t i o n  t e c h n o lo g y  i n  t h e  r e g i o n  
be tw een  t h e  1880s and t h e  p r e s e n t  h a s  been  c l o s e l y  a s s o c i a t e d  w i th  
p o l i t i c a l ,  s o c i a l  and economic t r a n s f o r m a t i o n  w hich o c c u r r e d  i n  th e  
r e g i o n  d u r in g  th e  p a s t  90 y e a r s .  Among t h e s e  t h e  more s p a t i a l l y  
e v i d e n t  phenomena i n  th e  e v o l u t i o n  was t h e  r i s e  o f  u r b a n  g ro w th .
A number o f  i n t e r a c t i o n s  be tw een  th e  t r a n s p o r t a t i o n  sy s te m  and u rb a n  
d eve lopm en t a r e  d i s c u s s e d  i n  t h e  s tu d y ,  among w hich  im p o r ta n t  a s p e c t s  
f o r  p a r t i c u l a r  a t t e n t i o n  a r e :
i .  The r e l a t i o n s h i p  be tw een  th e  l o c a l i z a t i o n  o f  t r a n s p o r t  f a c i l i t i e s  
and th e  s p a t i a l  e le m e n ts  o f  t h e  u r b a n i z a t i o n  p r o c e s s .
i i .  The r o l e  o f  s p e c i f i c  t r a n s p o r t a t i o n  f a c t o r s  i n  t h e  e v o l u t i o n  o f
u rb a n  form  and a c t i v i t i e s .
i i i .  The in te r d e p e n d e n c e  be tw een  t r a n s p o r t a t i o n  n e tw o rk  f low s  and th e  
deve lopm en t o f  u r b a n  s y s te m s .
Coming t o  th e  f i r s t  a s p e c t ,  h e r e  t h e  main p u rp o se  i s  t o  answer t h e  
f o l l o w in g  fu n d a m e n ta l  q u e s t i o n s  r e l a t i v e  to  th e  r e l a t i o n s h i p  be tw een  
t h e  s t r u c t u r e  o f  t r a n s p o r t  ne tw ork  and u rb a n  g row th  i n  t h e  r e g i o n  o f  
t h e  P a n ja b .
1 ,  I s  t h e r e  a  r e l a t i o n s h i p ?
2 ,  What i s  t h e  s t r e n g t h  o f  th e  r e l a t i o n s h i p
3 ,  What i s  t h e  form  o f  t h e  r e l a t i o n s h i p .
A f t e r  a c c e p t in g  t h e  h y p o t h e t i c a l  r e l a t i o n s h i p  be tw een  th e  s e t  o f  
n u m e r ic a l  v a lu e s  e x p r e s s in g  t h e  l e v e l  o f  u rb a n  deve lopm en t and t h e  s e t  
o f  n u m e r ic a l  v a l u e s  i n d i c a t i n g  th e  d e g re e  o f  t r a n s p o r t a t i o n  deve lopm en t 
would i n d i c a t e  t h e  u t i l i t y  o f  ne tw ork  m easu res  as  i n d i c e s  o f  d e g re e  o f  
t r a n s p o r t a t i o n  d e v e lo p m en t .  I n  t h i s  c h a p te r  we s h a l l  c o n c e n t r a t e  on 
t h i s  t a s k  and m easu re  t h e  t e m p o ra l  r e l a t i o n s h i p  be tw een  i n d i c e s  o f  
u r b a n  c h a r a c t e r i s t i c s  and i n d i c e s  o f  t h e  t r a n s p o r t a t i o n  n e tw o rk ,  th e n  
th e  m agn itude  and a r e a l  v a r i a t i o n s  o f  t h i s  r e l a t i o n s h i p .
One s e c t i o n  o f  t h i s  c h a p t e r  exam ines th e  n a t u r e  o f  t h e  r e l a t i o n s h i p  
t h a t  may be p r e d i c t e d  be tw een  c o n n e c t i v i t y  and u r b a n  deve lopm ent i n  th e  
r e g i o n  and th e  adequacy  o f  th e  t e c h n iq u e s  a v a i l a b l e  f o r  t h e  a n a l y s i s .
T h is  s tu d y  s t a r t e d  w i th  t h e  i m p l i c a t i o n s  o f  c o n n e c t i v i t y  and th e n  t u r n e d
a s id e  t o  have  a lo o k  i n t o  t h e  te m p o ra l  grow th  o f  t h e  r a i l w a y ,  w hich  had  
assumed a p a r t i c u l a r  p redom inance  i n  th e  t r a n s p o r t  sy s te m  o f  th e  r e g i o n  
and had  a c te d  as  a  m ajo r  i n i t i a t o r  o f  deve lopm en t and m o d e r n i z a t io n  
s in c e  1881, S i m i l a r l y  t h e  h i s t o r i c a l  d a t a  o f  t h e  r e g i o n  a l lo w s  a s tu d y  
o f  th e  tem p o ra l  grow th  o f  t h e  u rb a n  sy s tem  f o r  t h e  same p e r i o d .  A f t e r  
o b t a i n i n g  a c l e a r  u n d e r s t a n d in g  o f  th e  sequence  o f  c h a n g es  o f  th e  
t r a n s p o r t  n e tw o rk  th ro u g h  t im e ,  i t  w i l l  be i n t e r e s t i n g  t o  r e l a t e  th e  
ch an g es  o f  t r a n s p o r t  s t r u c t u r e  w i th  th e  changes  i n  u r b a n  g ro w th ,  as a l l  
t h e  e le m e n ts  o f  change w hich  a r e  a n a ly s e d  a re  n o t  r e c e n t  i n n o v a t i o n s .
The second  s e c t i o n  o f  t h i s  c h a p t e r  p r e s e n t s  an a n a l y s i s  o f  th e  
p a t t e r n s  o f  r e l a t i o n s h i p  th ro u g h  t im e  p a r t i c u l a r l y  be tw een  1881-1931 
and 1881-1971 w i th  an a d d i t i o n  o f  f o u r  r e c e n t  d e c a d e s ,  and th e n  d i s c u s s  
th e  te m p o ra l  o r g a n i z a t i o n  o f  t r a n s p o r t  and u rb a n  change  on th e  S t a t e ,  
d i v i s i o n  and d i s t r i c t  l e v e l .
The t h i r d  s e c t i o n  o f  th e  c h a p t e r  exam ines th e  s p a t i a l  r e l a t i o n s h i p  
be tw een  s t r u c t u r e  o f  t r a n s p o r t  and d i s t r i b u t i o n  o f  u r b a n  p o p u l a t i o n  
a lo n g w ith  s e v e r a l  o t h e r  r e l a t e d  p a ra m e te r s  which have  b o th  d i r e c t  and 
i n d i r e c t  i n f l u e n c e s  on u rb a n  g ro w th .  The s p a t i a l  p a t t e r n s  o f  t h e s e  
changes  r e f l e c t  t h e  i n t e r a c t i o n  o f  a  number o f  d i f f e r e n t  f a c t o r s  l i k e  
i r r i g a t i o n  and a g r i c u l t u r e  which have  p la y e d  a v i t a l  r o l e  i n  th e  u rb a n  
g ro w th .  I n  t h e  a g r i c u l t u r a l  a r e a s  t h e  c e n t r e s  h av e  s e rv e d  b o th  as  a
p o i n t  o f  p r o d u c t i o n  and o f  m a r k e t in g .  The r e l a t i o n s h i p  be tw een  a g r i ­
c u l t u r a l  ch an g es  and u r b a n  grow th  w i l l  n o t  be exam ined  i n  d e t a i l  i n  
t h i s  c h a p t e r  w hich i s  m a in ly  fo c u s e d  on th e  e x a m in a t io n  o f  t h e  
r e l a t i o n s h i p  be tw een  s t r u c t u r e  o f  t r a n s p o r t  n e tw o rk s  and u r b a n  as 
w e l l  as  p o p u l a t i o n  g ro w th ,
4 ,2  T e c h n iq u e s
F or t h i s  p u rp o se  t h e r e  i s  need  t o  compare s e t s  o f  d a t a  i n  te rm s  o f  
t h e  e x t e n t  t o  w hich  a change i n  one i s  o r  i s  n o t  r e f l e c t e d  by a change 
i n  t h e  o t h e r  s e t .  I t  im p l i e s  t h a t  t h e  i n d i v i d u a l  i t e m s  o f  b o th  s e t s  o f  
d a t a  c o - e x i s t  e i t h e r  i n  t im e  o r  s p a c e ,  such t h a t  t h e  p o s s i b i l i t y  o f  th e  
r e l a t i o n s h i p  o f  t h e  changes  can  be c o n s id e r e d .  I n  t h e  c a s e  o f  t h i s  
s t u d y ,  b o th  s e t s  a r e  t e m p o ra l  f o r  w hich an in d e x  i s  r e q u i r e d  to  
m easure  a s s o c i a t i o n  and changes  i n  d i r e c t i o n  ( + o r  - ) ,  I n  t h i s  r e s p e c t  
i n i t i a l l y  c o - e f f i c i e n t  o f  c o r r e l a t i o n  ( r )  h a s  b een  s e l e c t e d  t o  m easure  
a t e m p o ra l  r e l a t i o n s h i p  be tw een  t h e  v a r i a b l e s .  At t h i s  s t a g e  i t  i s  
u s e f u l  b e c a u s e  i t  can  be u s e d  s a f e l y  w i th  s m a l l  sam ples  ( N <  1 0 ) ,  and 
i s  a  u s e f u l  m ethod o f  c o m p a r iso n .
S i m i l a r l y  t h e  c o - e f f i c i e n t  o f  D e te rm in a t io n  (R) h e l p s  ^to  ju d g e  th e  
s t r e n g t h  o f  t h e  r e l a t i o n s h i p  betw een  two i n t e r v a l  s c a l e  v a r i a b l e s .  I t  
i s  e q u a l  t o  t h e  sq u a re  o f  th e  c o r r e l a t i o n  c o - e f f i c i e n t  and i s  t h e  b e s t  
m easure  o f  th e  goodness  o f  f i t  o f  t h e  r e g r e s s i o n  e q u a t i o n  b e c au se  i t  
t e l l s  e x a c t l y  w ha t  p r o p o s i t i o n  o f  th e  v a r i a t i o n  i n  one v a r i a b l e  ( Y) 
we have  e x p la i n e d  by t h e  r e g r e s s i o n  e q u a t io n  o f  *Y * on 'X ' as  b e in g  due 
t o  t h e  i n f l u e n c e  o f  'XI Having  d e te rm in e d  th e  form  and s i g n i f i c a n c e  o f  
th e  r e l a t i o n s h i p  be tw een  th e  s t r u c t u r e -  o f  th e  t r a n s p o r t  netwb'rk and 
u rb a n  g row th  i n  t h e  r e g i o n ,  ( w i th  t h e  h e lp  o f  c o r r e l a t i o n  c o - e f f i c i e n t  
and s i g n i f i c a n c e  t e s t s ) ,  i t  i s  im p o r ta n t  to  m easure  i t s  s t r e n g t h .  For 
t h i s  p u rp o se  a good m easure  i s  an e s t i m a t e  o f  th e  p r o p o r t i o n  o f  th e  
t o t a l  v a r i a t i o n  i n  fY* t h a t  i s  a s s o c i a t e d  w i th  v a r i a t i o n  i n 'X '  which 
can  be m easu red  w i th  a  c o - e f f i c i e n t  o f  D e te r m in a t io n ,  and i n d i c a t e s  
t h e  p r o p o r t i o n  o f  t o t a l  v a r i a t i o n  i n  th e  d e p e n d en t  v a r i a b l e  t h a t  i s  
a s s o c i a t e d  w i th  o r  e x p la i n e d  by th e  v a r i a t i o n  i n  t h e  in d e p e n d e n t  
v a r i a b l e .
I n  t h e  c a se  o f  s p a t i a l  r e l a t i o n s h i p  a n a l y s i s  som etim es th e
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c o r r e l a t i o n s  m en t io n e d  above a r e  n o t  e q u a l l y  u s e f u l  a s  t h e s e  a re  
p a r a m e t r i c  s t a t i s t i c s  and b e f o r e  th e y  can  be u s e d  th e  r e q u i r e m e n ts  
n e c e s s a r y  f o r  any p a r a m e t r i c  t e s t  m ust be met ( i e .  d i s t r i b u t i o n  o f  
p o p u l a t i o n  m ust be n o r m a l ) .  T h e re fo re  we have a S p e a rm a n 's  r a n k  
c o r r e l a t i o n  c o - e f f i c i e n t  a w e l l - t r i e d  a l t e r n a t i v e ,  h a v in g  th e  
c h a r a c t e r i s t i c s  o f  a d i s t r i b u t i o n  f r e e  t e s t .  I t  g iv e s  a c o - e f f i c i e n t  
c l o s e l y  a p p ro x im a t in g  t o  t h e  p r o d u c t  moment,  h a v in g  a power 
e f f i c i e n c y  o f  a b o u t  91 p e r  c e n t  w i t h ^ c o - e f f i c i e n t  o f  c o r r e l a t i o n .
T here  a r e  two m ethods t h a t  c o u ld  be u s e d  i n  t h i s  s tu d y  f o r  th e  
p u rp o se  o f  d i s t r i c t  l e v e l  s p a t i a l  a n a l y s i s .  One o f  t h e s e  u s e s  an 
a p p l i c a t i o n  o f  S p e a rm a n 's  ( T ) and th e  o t h e r  K e n d a l l ' s  c o - e f f i c i e n t
Tl<js
o f  c o n c o rd a n c e  'W .  Among th e s e * f o rm e r  w i l l  be u s e d  f o r  th e  v a r i a b l e s  
o f  two w h i le  t h e  l a t t e r  i s  u s e f u l  i f  t h e r e  a r e  more t h a n  two v a r i a b l e s .
With th e  u s e  o f  t h e s e  t e c h n iq u e s  we can  a s s e s s  t h e  r e l a t i o n s h i p  
be tw een  two v a r i a b l e s  o r  i n  o t h e r  words we can  sa y  t h a t  t h i s  c o r r e l a t i o n  
i s  one way o f  d e c id i n g  th e  r e l a t i o n s h i p  be tw een  two f a c t o r s ,  b u t  i n  
many s i t u a t i o n s  o u r  i n t e r e s t  l i e s  w i th  more t h a n  tw o .  I n  t h i s  c a s e ,  
a lo n g w ith  t h e  r e l a t i o n s h i p  be tw een  t r a n s p o r t  and u r b a n  grow th t h e r e  
a r e  a number o f  o t h e r  f a c t o r s  l i k e  a d m i n i s t r a t i v e  f u n c t i o n s ,  f a c i l i t i e s  
f o r  h e a l t h  and e d u c a t io n ,  i n d u s t r i e s  e t c . ,  w hich c a n n o t  be i g n o r e d .
So one o f  t h e  d i f f i c u l t i e s  e n c o u n te re d  i n  t h i s  c a s e  i s  t h a t  o f  h a v in g  
t o  a s s e s s  t h e  i n f l u e n c e  o f  each  o f  a number o f  f a c t o r s  i n  a p a r t i c u l a r  
s i t u a t i o n .  I n  t h e  d i s t r i c t  l e v e l  a n a l y s i s  we a re  p a r t i c u l a r l y  
i n t e r e s t e d  t o  know th e  e x t e n t  t o  which th e  c o r r e l a t i o n  betw een two 
v a r i a b l e s  i s  i n f l u e n c e d  by a t h i r d .  P a r t i a l  c o r r e l a t i o n  i s  a method 
o f  d e a l i n g  w i t h  t h r e e  v a r i a b l e s ,  i n  w hich th e  c o - e f f i c i e n t  c o r r e l a t i o n  
o f  two o f  them c an  be t e s t e d  u n a f f e c t e d  by th e  i n f l u e n c e  o f  th e  t h i r d ,  
w hich i s  c o n t r o l l e d .  T h is  t e c h n iq u e  i s  o n ly  u s e d  a t  t h e  f i n a l  s t a g e  
o f  t h e  a n a l y s i s  t o  d e te rm in e  th e  e f f e c t  o f  o t h e r  f a c t o r s  on th e  u rb a n  
d e v e lo p m e n t .
To t a k e  t h e  a n a l y s i s  a s t a g e  f u r t h e r  by c a l c u l a t i n g  th e  v a lu e  t h a t  
m igh t be e x p e c te d  f o r  one s e t  o f  d a t a  i f  some g iv e n  v a lu e  o c c u r r e d  i n  
t h e  o t h e r  s e t .  I n  t h i s  s tu d y  an a t te m p t  h a s  been  made t o  e x p l a i n  th e  
r e l a t i o n s h i p  be tw een  th e  two s e t s  o f  d a t a  w i th  t h e  h e l p  o f  r e g r e s s i o n  
as  i t  i s  e q u a l l y  v a l u a b l e  as a d e s c r i p t i v e  d e v ic e  t o  i l l u s t r a t e  t h e  
form  o f  th e  r e l a t i o n s h i p  be tw een  th e  two v a r i a b l e s .  T h is  t e c h n iq u e  
w i l l  p a r t i c u l a r l y  be u s e d  i n  t h e  s p a t i a l  a n a l y s i s  o f  t h e  r e l a t i o n s h i p
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be tw een  s t r u c t u r e  o f  t r a n s p o r t  and a number o f  s e l e c t e d  v a r i a b l e s  f o r  
th e  19 d i s t r i c t s  o f  t h e  r e g i o n .
F i n a l l y  t o  u n d e r s t a n d  th e  r e l a t i o n s h i p  betw een th e  d i f f e r e n c e  
mean and th e  s t a n d a r d  e r r o r  o f  t h i s  d i f f e r e n c e ,  t h e  t e c h n iq u e  o f  ' ^ ' 
t e s t  h a s  been u s e d  and th e  d e g re e  o f  s i g n i f i c a n c e  o f  th e  d i f f e r e n c e  h a s  
been  a s s e s s e d  by t h e  t a b l e s  and g r a p h s .
4 ,3  M ethodology
The e s s e n c e  o f  t h e  p r e s e n t  s tu d y  i s  t o  e x t r a c t  t r e n d s  from  bo th  
s p a t i a l  and t im e  s e r i e s  d a t a  and f i n d  o u t  th e  answ er t o  some fu n d am e n ta l  
q u e s t i o n s  r e l a t i n g  t o  t h e  s t r u c t u r e  o f  t r a n s p o r t  n e tw o rk s  and u rb a n  
deve lopm en t i n  t h e  r e g i o n .  The m ethodology  a d o p te d  i n  t h i s  c h a p t e r  i s  
t o  c o r r e l a t e  t h e s e  v a r i a b l e s  th ro u g h  tim e f o r  b o th  p e r i o d s  1881-1931 i n  
t h e  f i r s t  i n s t a n c e  and th e n  a t o t a l  o f  90 y e a r s ,  1 8 8 1 -1971 , t o  f i n d  th e  
d i f f e r e n c e  i n  t h e  d e g re e  o f  r e l a t i o n s h i p .  T h is  c o r r e l a t i o n  i s  a t  
P r o v in c e ,  d i v i s i o n  and d i s t r i c t  l e v e l .
A f t e r  t h a t  t h e  p r e s e n t  s t r u c t u r e  o f  t r a n s p o r t  n e tw o rk s  i n c l u d i n g  
T<j.il and r o a d  w i l l  be c o r r e l a t e d  on d i s t r i c t  l e v e l  f o r  t h e  p u rp o se  o f  
s p a t i a l  a n a l y s i s .  A f t e r  e s t a b l i s h i n g  i t ,  th e  b a s i c  aim  i s  t o  a sk  what 
o t h e r  f a c t o r s  a r e  in v o lv e d  and to  what e x t e n t  t h e y  a r e  amenable to  
a n a l y s i s .  The m ost n o t a b l e  o f  t h e s e  a re  a d m i n i s t r a t i v e ,  economic and 
t h e  f a c i l i t i e s  o f  h e a l t h  and e d u c a t io n .  The e f f e c t  o f  th e s e  f a c t o r s  
w i l l  be a n a ly s e d  by P a r t i a l  C o r r e l a t i o n .
The p e r i o d  f o r  t e m p o ra l  r e l a t i o n s h i p  betw een ch an g es  can  be d iv id e d  
i n t o  two 1881-1931 and 1881-1971 , w i th  t h e  a d d i t i o n  o f  t h e  f o u r  d e c ad e s  
1931 -1971 . The y e a r  o f  1931 can  be u s e d  as a y a r d s t i c k  as t h e r e  i s  no 
s i g n i f i c a n t  deve lopm en t o f  t h e  r a i l  n e tw o rk  a f t e r  t h a t  and i n  t h i s  way 
i t  exam ines th e  change i n  r e l a t i o n s h i p  w i th  t h e  r o a d  deve lopm en t which 
m o s t ly  took  p l a c e  a f t e r  1931 . T h is  t e m p o ra l  r e l a t i o n s h i p  i s  f u r t h e r  
exam ined  up t o  d i v i s i o n  and d i s t r i c t  l e v e l s .
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4 .4  P a n ja b  L e v e l  Tem poral R e l a t i o n s h i p
S e v e r a l  p o i n t s  o f  i n t e r e s t  emerge from an e x a m in a t io n  o f  th e  
c o r r e l a t i o n  c o - e f f i c i e n t  r e l a t i n g  t o  t h e  v a r i a b l e s  o f  t e m p o r a l  growth 
o f  u r b a n i z a t i o n  and s t r u c t u r e  o f  t r a n s p o r t  n e tw o rk .  For t h i s  p u rpose  
16 v a r i a b l e s  r e l a t i n g  t o  t h e  d i f f e r e n t  a s p e c t s  o f  u r b a n  grow th  have  
been  c o r r e l a t e d  w i th  t e n  t o p o l o g i c a l  and n o n - t o p o l o g i c a l  i n d i c e s  r e l a t e d  
t o  t h e  s t r u c t u r e  o f  t r a n s p o r t  n e tw o rk  i n  t h e  r e g i o n  o f  t h e  P a n ja b .
A d e t a i l e d  i n t r o d u c t i o n  o f  a l l  t h e s e  i n d i c e s  h a s  been  g iv e n  i n  t h e  
p r e v io u s  c h a p t e r .  I n  t h i s  a n a l y s i s  a l l  t h e s e  i n d i c e s  c a l c u l a t e d  from  
th e  decade  w is e  c h a n g in g  s t r u c t u r e  o f  r a i l  n e tw o rk ,  have  been  u sed  as 
th e  d e p e n d e n t  v a r i a b l e  (Y) t u r n  by t u r n  and a r e  c o r r e l a t e d  w i th  some 
d e m o g r a p h ic / u r b a n i z a t io n  m easu res  o f  deve lopm en t a s  in d e p e n d e n t  
v a r i a b l e  (X ) .  The r e a s o n  f o r  s e l e c t i o n  o f  decade  w is e  p e r i o d  f o r  t h e  
i n d i c e s  i s  t h e  a v a i l a b i l i t y  o f  t h e  dem ographic  d a t a  ( w i th  w hich th e  
r e l a t i o n s h i p  i s  m e a s u re d ) .
K eeping  i n  mind th e  l i m i t a t i o n s  o f  bo th  o v e r a l l  s t r u c t u r e  o f  th e  
s tu d y  and th e  d a t a ,  o n ly  dem ographic  chan g in g  p a r a m e t e r s ,  p a r t i c u l a r l y  
r e l a t e d  t o  u r b a n  deve lopm en t have  been  c o n s id e r e d  f o r  t h e  a n a l y s i s  o f  
t h i s  t e m p o r a l  r e l a t i o n s h i p ,  w h i le  some o f  t h e  n o n -d em o g rap h ic  p a ra m e te r s  
r e l a t i n g  t o  t h e  economic c o n d i t i o n s  o f  th e  r e g i o n  have  been  t a k e n  f o r  
s p a t i a l  a n a l y s i s .  Among th e  dem ographic  c h a n g in g  p a r a m e t e r s ,  t o t a l  
p o p u l a t i o n  i s  i m p o r ta n t  t o  m easure  i t s  r e l a t i o n s h i p  w i th  t h e  s t r u c t u r e  
o f  th e  r a i l  n e tw o rk .  B e fo re  p r o c e e d in g  t o  t h e  u r b a n  p o p u l a t i o n ,  f i r s t  
we w i l l  lo o k  a t  t h e  r e l a t i o n s h i p  betw een  th e  change  i n  t o t a l  p o p u l a t i o n  
and th e  change i n  t h e  deve lopm en t o f  r a i l  n e tw o rk ,  w i th  t h e  h e lp  o f  th e  
i n d i c e s  c a l c u l a t e d  f o r  t h i s  p u r p o s e .
T ab le  4 .1  shows th e  s im p le  c o r r e l a t i o n  betw een  th e  p o p u l a t i o n  change 
and th e  s t r u c t u r e  o f  t h e  r a i l  n e tw o rk .  The c o r r e l a t i o n  c o - e f f i c i e n t  
be tw een t o t a l  p o p u l a t i o n  and d e g re e  o f  deve lopm en t ( ^  ) f o r  t h i s  temp­
o r a l  p e r i o d  o f  1881-1931 i s  +0 .947  and f o r  1881-1971 i s  + 0 .661  and th e  
c o - e f f i c i e n t  o f  d e t e r m i n a t i o n  f o r  bo th  o f  t h e s e  p e r i o d s  i s  89 ,68  p e r  
c e n t  and 4 3 .6 9  p e r  c e n t  r e s p e c t i v e l y .  A ' t  • t e s t  o f  t h e  s i g n i f i c a n c e  
o f  t h e  c o r r e l a t i o n  c o - e f f i c i e n t  i n d i c a t e s  t h a t  t h e  o b s e rv e d  r e l a t i o n s h i p  
f o r  bo th  p e r i o d s  i s  s i g n i f i c a n t  a t  more t h a n  95 p e r  c e n t  l e v e l ,  th e  
minimum r e q u i r e d  f o r  r e j e c t i n g  th e  n u l l  h y p o t h e s i s .  To make th e  s tu d y  
more i n t e r e s t i n g  and com parab le  t h e  r e l a t i o n s h i p  h a s  been  examined by
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t h e  u se  o f  b o th  ty p e s  o f  t o p o l o g i c a l  i n d i c e s  i e .
i .  D e f in in g  ' v '  as j u n c t i o n  ( J )
i i .  D e f in in g  ' v '  as town (T)
T ab le  4 .1  shows t h a t  t o t a l  p o p u l a t i o n  h a s  a p o s i t i v e  r e l a t i o n s h i p  w i th  
a l l  t h e  i n d i c e s .  The h i g h e s t  a s s o c i a t i o n  h a s  been  w i th  t h e  d e g re e  o f  
c i r c u i t y  f o r  t h e  p e r i o d  o f  1881-1931 and w i th  r o u t e  l e n g t h  f o r  th e  whole 
p e r i o d  o f  1 8 8 1 -1971 . T h is  a s s o c i a t i o n  s u g g e s t s  some i n t e r e s t i n g  p o i n t s .  
The t e m p o ra l  change i n  t o t a l  p o p u l a t i o n  i s  h i g h l y  c o r r e l a t e d  w i th  t h e  
change o f  i n d i c e s  o f  *T 1 as  compared t o  ' J * .  I n  o t h e r  w ords we can  say  
t h a t  th e  c hanges  i n  t o t a l  p o p u l a t i o n  o f  th e  r e g i o n  a r e  n o t  as much 
c o r r e l a t e d  w i th  th e  ch an g es  o f  r a i l  ne tw ork  w hich  have o c c u r r e d  due t o  
an i n c r e a s e  i n  j u n c t i o n s  as t h e  changes  which have  o c c u r r e d  due to  an 
i n c r e a s e  i n  th e  number o f  u r b a n  c e n t r e s .  S i m i l a r l y ,  t h e  p o s i t i v e  and 
s i g n i f i c a n t  r e l a t i o n s h i p  be tw een  p o p u l a t i o n  grow th  and r o u t e  l e n g th  
s u g g e s t s  t h a t  p o p u l a t i o n  growth to o k  p l a c e  a lo n g  th e  l i n e s  ( r a i l w a y )  
n o t  n e c e s s a r i l y  on th e  j u n c t i o n s .
To lo o k  a t  t h e  r e l a t i o n s h i p  be tw een  c o n n e c t i v i t y  and p o p u l a t i o n  
change T a a f f e  and G a u th ie r  (1973) s u g g e s t  two m ea su res  o f  a lp h a  and 
gamma, w hich  m easure  t h e  number o f  l i n k a g e s  w i t h i n  a n e tw o rk  o v e r  and 
above t h o s e  n e c e s s a r y  t o  make a c i r c u i t ,  A s i g n i f i c a n t  c o r r e l a t i o n  
be tw een  p o p u l a t i o n  and o i  (T ) s u g g e s t s  t h a t  t h e r e  h a s  been  an e q u a l  
i n c r e a s e  i n  th e  a l t e r n a t i v e  r o u t e s  be tw een v e r t i c e s  t o  i n c r e a s e  t h e  
c o n n e c t i v i t y  o f  t h e  sy s tem  be tw een  1881-1931 w h i le  t h i s  a s s o c i a t i o n  
does  n o t  c o r r e s p o n d  t o  t h e  r e l a t i o n s h i p  a f t e r w a r d s  i e .  1881-1971 ( a s  
t h e r e  i s  no s i g n i f i c a n t  deve lopm en t on th e  r a i l  n e tw o rk  d u r in g  th e  
r e c e n t  f o u r  d e c a d e s ) .
S i m i l a r l y  a  s i g n i f i c a n t  c o r r e l a t i o n  be tw een  p o p u l a t i o n  and /  (T)
f o r  th e  e a r l y  p e r i o d  a t t e s t s  th e  r e l a t i o n s h i p  o f  p o p u l a t i o n  change t o  
t h e  change o f  number o f  edges  i n  th e  n e tw ork  t o  t h e  maximum p o s s i b l e  
number o f  edges  f o r  t h a t  p e r i o d  b u t  t h i s  a s s o c i a t i o n  f o r  t h e  r e s t  o f  
t h e  p e r i o d  i s  p o s i t i v e  b u t  n o t  s i g n i f i c a n t  a s  t h e r e  i s  no i n c r e a s e  i n  
th e  edges  a f t e r  1931 and th e  i n c r e a s e  o f  edges  on a new l i n e  betw een 
Kot Addu and Kashmore th ro u g h  Dera Ghazi Khan; h a s  f u r t h e r  d e c re a s e d  
th e  v a lu e  o f  t h e  in d e x .  On th e  o t h e r  hand th e  s i g n i f i c a n t  c o r r e l a t i o n  
betw een th e  change o f  p o p u l a t i o n  and t h r e e  m ost i m p o r ta n t  i n d i c e s  o f  
ft ( d e g re e  o f  deve lopm en t}  f*  ( d e g re e  o f  c i r c u i t y )  and r o u t e  l e n g t h ,  
f o r  b o th  p e r i o d s  s u g g e s t s  t h a t  t h e  d e g re e  o f  t r a n s p o r t  deve lopm ent
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was h i g h e r  t h a n  th e  d e g re e  o f  p o p u l a t i o n  grow th up t o  t h e  p e r i o d  o f  
1931 and f o r  t h i s  r e a s o n  th e  gap e x i s t e d  betw een  t h e  e q u a l  r e l a t i o n ­
s h ip  o f  t h e s e  v a r i a b l e s ;  i t  was c o v e re d  l a t e r  on i n  1931 , when th e  
changes  o c c u r r e d  i n  t h e  p o p u l a t i o n  growth b u t  n o t  i n  t h e  r a i l  n e t ­
work o f  t h e  r e g i o n .  I t  can  f u r t h e r  be a t t e s t e d  by ex am in in g  th e  
c o r r e l a t i o n  o f  p o p u l a t i o n  w i th  (T) which i s  u s e f u l  m easure  o f  
c o m p le x i ty  and shows a s i g n i f i c a n t  a s s o c i a t i o n  be tw een  t h e  tem p o ra l  
i n c r e a s e  i n  t h e  p o p u l a t i o n  and th e  chang ing  c o m p le x i ty  o f  th e  t r a n s ­
p o r t  sy s te m , w hich to o k  p l a c e  up t o  1931 and a f t e r  t h a t  t h i s  r e l a t i o n ­
s h ip  rem a in e d  p o s i t i v e  b u t  n o t  up t o  th e  s i g n i f i c a n c e  l e v e l .
The e x a m in a t io n  o f  t h e  t h e t a  i n d e x ,  which m easu res  t h e  r a t i o s  
be tw een  t h e  l e n g t h  and v e r t i c e s  s u g g e s t s  a s i g n i f i c a n t  c o r r e l a t i o n  up 
t o  1931 . I t  shows t h a t  a l l  t h e  t o p o l o g i c a l  i n d i c e s  r e l a t e d  t o  th e  
g r a d u a l  change o f  edges  and v e r t i c e s  a r e  h i g h l y  r e l a t e d  t o  th e  ch a n g in g  
p a t t e r n  o f  p o p u l a t i o n  u n t i l  t h e  r a i l  developm ent p e r i o d ,  w h i le  a  non 
o r  semi t o p o l o g i c a l  e le m e n t  o f  ' '  and r o u t e  l e n g t h  a r e  h i g h l y  
c o r r e l a t e d  f o r  h o th  p e r i o d s .  Looking  a t  t h e  e v e r  i n c r e a s i n g  in d e x  
o f  ' / *  ‘ ( c y c lo m a t ic  num ber) w hich  r e c o r d s  ■/ _ •- a b ru p t '  ^  i n  th e
sys tem  and a c o m p ar iso n  betw een  th e  d e g re e s  o f  r e l a t i o n s h i p  o f  g r a d u a l  
and a b r u p t l y  c h a n g in g  i n d i c e s  s u g g e s t s  t h a t  t h e  p o p u l a t i o n  change i n  
th e  r e g i o n  h a s  been  g r a d u a l  up t o  1931 and i t  was a c c e l e r a t e d  i n  t h e  
l a s t  d e c a d e s ,  t h e r e f o r e  t h e  a s s o c i a t i o n  w i th  th e  a b r u p t l y  chan g in g  
i n d i c e s  l i k e  ' and * $  ' i s  h ig h  as compared t o  t h e  r e s t  o f  th e  
i n d i c e s ,  w hich  r e c o r d  t h e  c hanges  i n  th e  sy s tem  g r a d u a l l y .  T h is  
te m p o ra l  r e l a t i o n s h i p  w i th  g r a d u a l  c h a n g in g  i n d i c e s  c an  o n ly  be se en  
to  be s i g n i f i c a n t  a t  th e  e a r l y  s t a g e  o f  deve lopm en t ( s e e  T ab le  4 . 1 ) .
y/
A l l  t h e s e  t h r e e  t o p o l o g i c a l  i n d i c e s  o f  ' C K ' O ) *  ' / B ' CT )  and 1 eX'Y CT) 
u se  t h e  same b a s i c  component v e r t i c e s  and edges  and th e y  a re  s t r o n g l y  
c o r r e l a t e d  i n  p r a c t i c e .  I n  t h i s  c a s e ,  f o r  exam ple , t h e r e  e x i s t s  a 
c o r r e l a t i o n  be tw een  s< (T) and (T) i n d i c e s  f o r  th e  t e n  tem p o ra l  
decad es  o f  0 .9 6  ( c o - e f f i c i e n t )  and betw een <X (T) and Y  (T) i n d i c e s  
o f  0 .9 5 .  Though th e y  do n o t  m easure  i d e n t i c a l  p r o p e r t i e s  o f  th e  
n e tw o rk ,  t h e y  a r e  c l o s e l y  i n t e r r e l a t e d .
The u r b a n  p o p u l a t i o n  grow th  w hich was smooth u n t i l  1921 and 
a c c e l e r a t e d  a f t e r w a r d s ,  shows a p o s i t i v e  a s s o c i a t i o n  w i th  t h e  r a i l  
ne tw o rk  i n d i c e s  f o r  th e  p e r i o d  o f  s tu d y .  I t  can  be c o n f i rm e d  w i th  th e
e x a m in a t io n  o f  i t s  s i g n i f i c a n t  c o r r e l a t i o n  ( 0 .8 9 2 )  w i t h  t h e  ab rup tly -  
c h a n g in g  in d e x  o f  'A *  d u r in g  1881-1931 w h i le  d u r in g  t h e  w hole p e r i o d  
o f  1881-1971 th e  change i n  u rb a n  p o p u l a t i o n  i s  h i g h l y  r e l a t e d  t o  t h e  
non t o p o l o g i c a l  p a ra m e te r  o f  r o u t e  l e n g t h  ( 0 . 5 9 4 ) ,  c y c lo m a t i c  number 
( 0 . 5 8 8 ) ,  P i  i n d e x  ( 0 .5 8 1 )  and T h e ta  in d e x  ( 0 .5 3 9 )  t h a n  t o  t h e  p u r e l y  
t o p o l q g i c a l  i n d i c e s  l i k e  f t  (T) ( 0 , 5 1 4 ) ,  Gamma in d e x  (T ) ( 0 . 4 9 4 ) .
A low d e g re e  o f  a s s o c i a t i o n  o f  u r b a n  p o p u l a t i o n  change w i th  th e  
t o p o l o g i c a l  i n d i c e s ,  compared w i th  t h e  non t o p o l o g i c a l  p a r a m e te r s ,  
f o r  t h e  w hole  p e r i o d  o f  1881-1971 i n d i c a t e s  t h a t  t h e  f a s t e s t  u rb a n  
grow th to o k  p l a c e  a t  t h e  end o f  t h e  r a i lw a y  deve lopm en t o r  i n  o t h e r  
words we c a n  sa y  t h a t  th e  change i n  t o t a l  p o p u l a t i o n  was fo l lo w e d  by 
t h e  change o f  u r b a n  p o p u l a t i o n  d u r in g  th e  r e c e n t  d e c a d e s  o f  1931-1971 
and t h a t  i t  s t a r t e d  a t  th e  end o f  r a i l w a y  d e v e lo p m en t .  T h is  r e l a t i o n ­
s h ip  s u g g e s t s  a t  e a r l y  s t a g e  r a i l  deve lopm ent p la y e d  a more im p o r ta n t  
r o l e  i n  t h e  change o f  t o t a l  p o p u l a t i o n  th a n  th e  change i n  u rb a n  
p o p u l a t i o n  b u t  a t  t h e  l a t e r  s t a g e  a f t e r  t h e  c o m p le t io n  o f  t h e  r a i l  
n e tw o rk  t h e  r o a d  deve lopm en t h a s  a s i g n i f i c a n t  e f f e c t  on th e  u rb a n  
g ro w th .  I n  o t h e r  w ords we can  sa y  t h a t  i n  t h e  r e g i o n  o f  t h e  P a n ja b ,  
th e  c e n t r e s  c r e a t e d  by r a i l w a y  deve lopm ent d u r in g  t h e  e a r l y  60 y e a r s  
were l a t e r  on d e v e lo p e d  by th e  c o n s t r u c t i o n  o f  r o a d s  d u r in g  th e  l a s t  
40 y e a r s .  T h is  a s p e c t  o f  u rb a n  change w i l l  be d i s c u s s e d  i n  more d e t a i l  
w h i le  l o o k in g  a t  t h e  s p a t i a l  d i s t r i b u t i o n  o f  u r b a n  p o p u l a t i o n  and i t s  
r e l a t i o n s h i p  w i th  r o a d  ne tw o rk  c o n n e c t i v i t y .
The above m en t io n e d  f a c t  can  f u r t h e r  be e l a b o r a t e d  by t a k i n g  th e  
y e a r  o f  1931 a s  a  y a r d  s t i c k  and t o  lo o k  a t  t h e  p e r c e n ta g e  o f  b o th  
t o t a l  and u rb a n  p o p u l a t i o n  b e f o r e  and a f t e r  1931 . Out o f  t h e  t o t a l  1971 
u rb a n  p o p u l a t i o n  (100 p e r  c e n t )  a b o u t  81 ,6  p e r  c e n t  w a s /b e tw e e n  1931- 
1971 and t e n  p e r  c e n t  be tw een  1881-1971 and o n ly  8 ,4  p e r  c e n t  b e f o r e  
th e  s tu d y  p e r i o d  o f  1881 , W hile th e  t o t a l  p o p u l a t i o n  be tw een  1881- 
1931 was 63 p e r  c e n t  and d u r in g  1931-1971 a b o u t  15 p e r  c e n t  and b e f o r e  
1881 t h e r e  was 22 p e r  c e n t  o f  t h e  t o t a l  e x i s t e d  p o p u l a t i o n  i n  1971.
As t h e r e  i s  a b ig  d i f f e r e n c e  be tw een  th e  p e r c e n ta g e s  o f  u rb a n  p o p u l a t i o n  
and t o t a l  p o p u l a t i o n  f o r  t h e  d i f f e r e n t  p e r i o d s ,  t h e r e f o r e  an e q u a l  
d e g re e  o f  a s s o c i a t i o n  f o r  b o th  ( t o t a l  and u r b a n  p o p u l a t i o n )  ca n n o t  be 
e x p e c t e d ,  w i th  t h e  s t r u c t u r e  o f  t r a n s p o r t  n e tw o rk ,  t h r o u g h ; p e r i o d .
I n  t h e  l i g h t  o f  t h e s e  l a r g e  v a r i a t i o n s  i n  th e  e x i s t i n g  p e r c e n ta g e s  
o f  t o t a l  and u r b a n  p o p u l a t i o n  i t  w i l l  be i n t e r e s t i n g  t o  e x p lo r e  f u r t h e r
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t h e  changes  i n  t h e s e  v a r i a b l e s  a lo n g w ith  t h e  d e g re e  o f  a s s o c i a t i o n
o f  r a i l  n e tw o rk .  As u rb a n  p o p u l a t i o n  r e p r e s e n t s  a p o r t i o n  o f  t h e  t o t a l
p o p u l a t i o n ,  i t  i s  im p o r ta n t  t o  examine th e  d e g re e  o f  r e l a t i o n s h i p
fkx~
betw een t h e  c h a n g in g  s t r u c t u r e  o f / r a i l  ne tw ork  and ch an g es  i n  th e  
p e rc e n ta g e  o f  u rb a n  p o p u l a t i o n ,  th ro u g h  th e  p e r i o d .
A c o r r e l a t i o n  be tw een  p e r c e n ta g e  o f  u rb a n  p o p u l a t i o n  and grow th o f  
u rb a n  p o p u l a t i o n  as a  whole (d ec a d e  w is e )  f o r  th e  p e r i o d  o f  1881-1931 
and 1881-1971 i s  0 ,9 4 6  and 0 .9 7 7  r e s p e c t i v e l y .  T h i s  c o r r e l a t i o n ,  where 
b o th  v a r i a b l e s  a r e  e q u a l l y  c h a n g in g  shows t h a t  i t  i s  c o m p a r a t iv e ly  
more s i g n i f i c a n t  f o r  t h e  l a t e r  p e r i o d  and i t  can  be c o n f i rm e d  w i th  t h e  
e x a m in a t io n  o f  t h e  c o r r e l a t i o n  o f  v a r i o u s  t o p o l o g i c a l  and n o n - t o p o l o g i c a l  
i n d i c e s  ( s e e  T a b le  4 . 1 ) .  With th e  com parison  o f  t h i s  r e l a t i o n s h i p  f o r  
b o th  p e r i o d s  i t  i s  i n t e r e s t i n g  t o  n o te  t h a t  t h i s  c o r r e l a t i o n  i s  p o s i t i v e  
f o r  t h e  p e r i o d s  and t h e  d e g re e  o f  a s s o c i a t i o n  w i th  a b r u p t l y  ch an g in g  
i n d i c e s  i s  h i g h e r  and more s i g n i f i c a n t  f o r  th e  l a t e r  p e r i o d  (1881 -1971 )  
w h i le  t h e  a s s o c i a t i o n  w i th  g r a d u a l l y  ch an g in g  i n d i c e s  i s  n o t  s i g n i f i c a n t ;  
i t  i s  t h e  same w i th  t h e  change i n  t h e  number o f  u r b a n  c e n t r e s  f o r  w hich 
th e  c o r r e l a t i o n  w i th  t h e  i n d i c e s  i s  n o t  up t o  t h e  s i g n i f i c a n c e  l e v e l  f o r  
th e  s i x  e a r l y  d e c a d e s ,  w h i le  i t  i s  more s i g n i f i c a n t  f o r  a l l  t e n  d e c a d e s .  
I t  a l s o  s u g g e s t s  t h a t  an i n c r e a s e  i n  th e  number o f  u r b a n  c e n t r e s  to o k  
p l a c e  i n  t h e  l a t e r  d e c a d e s .  I t  a g a in  c l a r i f i e s  t h e  a l r e a d y  m en t io n ed  
s t a t e m e n t  t h a t  r a i l  deve lopm en t p la y e d  an im p o r ta n t  r o l e  i n  th e  c r e a t i o n  
o f  new to w n s ,  th ough  th e y  p r o s p e r  l a t e r  on w i th  th e  r o a d  dev e lo p m en t.
As we se e  t h a t  t h e r e  a re  65 towns w i th  a p o p u l a t i o n  o f  more th a n  2 0 ,000  
(C ensus 1971) and o u t  o f  t h e s e  62 a r e  on th e  r a i l  n e tw o rk  and s i m i l a r l y  
among t h e  c e n t r e s  b e lo n g in g  t o  t h e  low er c l a s s  o f  p o p u l a t i o n  s i z e s ,  most 
a re  w i th  r a i l w a y  s t a t i o n s .  A b ig  d i f f e r e n c e  be tw een  t h e  d e g re e  o f  
c o r r e l a t i o n  ( f o r  b o th  p e r i o d s  1881-1931 and 1881-1971)  be tw een  th e  number 
o f  u rb a n  c e n t r e s  and th e  s t r u c t u r e  o f  th e  r a i l  n e tw o rk ,  s u g g e s t s  t h a t  
d u r in g  t h e  l a t e r  s t a g e  o f  r o a d  deve lopm ent a number o f  new ly  grown towns 
were no more t h a n  v i l l a g e  r a i l w a y  s t a t i o n s  b e f o r e  1931 .
B e fo re  l o o k in g  a t  t h e  changes  i n  th e  d i f f e r e n t  s i z e s  o f  th e  u r b a n  
c e n t r e s ,  we w i l l  f i r s t  lo o k  a t  t h e  r e l a t i o n s h i p  o f  t h e  change i n  number 
o f  t h e  u r b a n  c e n t r e s  w i th  t h e  t r a n s p o r t  i n d i c e s .  T a k in g  th e  s i z e  o f  
20 ,0 00  p o p u l a t i o n  a s  a y a rd  s t i c k  th e  number o f  u r b a n  c e n t r e s  can  be 
d iv id e d  i n t o  two c l a s s e s :
i .  Lower g roup  i n c l u d e s  t h e  number o f  u rb a n  c e n t r e s  w i th  a p o p u l a t i o n
Ill
o f  l e s s  t h a n  2 0 . 0 0 0 .
i i .  The u p p e r  g roup  c e n t r e s  o f  more t h a n  a p o p u l a t i o n  o f  2 0 ,0 0 0 .
T ab le  4 .1  shows t h a t  th e  c o r r e l a t i o n  betw een  th e  lo w er  c l a s s  o f  
towns and t h e  i n d i c e s  i s  p o s i t i v e  f o r  b o th  p e r i o d s  b u t  i t  i s  o n ly  
s i g n i f i c a n t  f o r  t e n  d e c ad e s  (1 8 8 1 -1 9 7 1 ) ,  On th e  o t h e r  h a n d ,  th e  u p p e r  
group  o f  towns i s  p o s i t i v e l y  c o r r e l a t e d  w i th  t h e  s t r u c t u r e  o f  th e  r a i l  
n e tw o rk  w i th  t h e  e q u a l l y  lo w e r  s i g n i f i c a n c e  l e v e l  f o r  b o th  ty p e s  o f  
p e r i o d s .  I n  t h e  l i g h t  o f  t h e s e  r e l a t i o n s h i p s  i t  can  be b e l i e v e d  t h a t  
a lo n g w ith  t h e  r a i l w a y  grow th  th e  c e n t r e s  o f  t h e  lo w e r  g roup  (m o s t ly  
new and s m a l l  m ark e t  tow ns)  d id  grow i n  number i n  t h e  f i r s t  s i x  d e c ad e s  
b u t  n o t  w i th  an e q u a l  speed  o f  r a i l w a y  g ro w th /d e v e lo p m e n t .  The gap i n  
d e g re e  o f  r e l a t i o n s h i p  was c o v e re d  d u r in g  t h e  f o u r  d e c a d e s  1931-1971 .
I n s t e a d  o f  number o f  u rb a n  c e n t r e s  o f  t h e s e  g ro u p s  i f  we lo o k  a t  th e
p o p u l a t i o n  o f  t h e  same g roups  ( s e e  T ab le  4 . 1 )  we can  se e  t h a t  t h e  popu-
h>
l a t i o n  o f (b e lo w  2 0 ,0 0 0  h a s  a  c o m p a r a t iv e ly  s i g n i f i c a n t  and h i g h e r
d e g re e  o f  r e l a t i o n s h i p  f o r  t h e  r a i l  deve lopm ent p e r i o d ,  a s  compared to  
th e  l a r g e  towns (above  2 0 , 000 ) w hich  i n d i c a t e s  th e  change  o f  p o p u l a t i o n  
from  r u r a l  a r e a s  t o  t h e  newly s e t t l e d  towns on th e  r a i l w a y  l i n e s .  T h is  
r e l a t i o n s h i p  p r o v id e s  g rounds  t o  b e l i e v e  t h a t  i n  t h e  d e c a d e s  o f  r a i l w a y  
deve lopm en t t h e  g row th  and deve lopm en t o f  new u r b a n  c e n t r e s  was 
f o l l o w in g  th e  r a i l  deve lopm ent i n  th e  c e n t r a l  new ly s e t t l e d  r e g i o n s  o f  
th e  P a n j a b .  The u r b a n  p o p u l a t i o n  i n  t h e s e  towns was c h a n g in g  r a p i d l y  
as  compared t o  th e  p r e - e x i s t i n g  towns o f  t h e  r e g i o n .  I n  o t h e r  words 
we can  s a y  t h a t  a t  th e  i n i t i a l  s t a g e  u rb a n  growth was a c a u se  o f  r a i l w a y  
d e v e lo p m en t ,  as  we can  see  a s i g n i f i c a n t  c o r r e l a t i o n  be tw een  t h i s  
v a r i a b l e  and a l l  t h e  a b r u p t l y  c h a n g in g  i n d i c e s  f o r  t h e  e a r l y  as  w e l l  as  
th e  l a t e r  p e r i o d s .  A p o s i t i v e  b u t  c o m p a r a t iv e ly  low c o r r e l a t i o n  
betw een  th e  u rb a n  p o p u l a t i o n  o f  th e  u p p e r  c l a s s  and i n d i c e s  s u g g e s t s  
t h a t  i n  e a r l y  d e c ad e s  g r a d u a l  u r b a n  change i n  t h i s  g roup  d id  n o t  
c o r r e s p o n d  t o  t h e  a b ru p t  change i n  t h e  r a i l w a y  d e v e lo p m e n t .  But i n  th e  
l a t e r  s t a g e  t h e  a b sen c e  o f  t h e  f u r t h e r  deve lopm en t i n  th e  r a i lw a y  d id  
c o r r e s p o n d  w i th  i t s  a c c e l e r a t i o n .  I t  can  f u r t h e r  be a t t e s t e d  w i th  t h e  
e x a m in a t io n  o f  t h e  s i m i l a r  c o r r e l a t i o n  o f  i n d i c e s  and number o f  u rb a n  
c e n t r e s  i n  t h i s  c l a s s .
I n  o r d e r  t o  make t h i s  s tu d y  more m e a n in g fu l  and i n t e r e s t i n g  an 
a t t e m p t  h a s  been  made t o  examine th e  r e l a t i o n s h i p  by f u r t h e r  b re a k  down
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o f  t h e s e  two g ro u p s  i n t o  t h r e e  e a c h ,  t o  t r a c e  a c l a s s w i s e  d e t a i l e d  
p i c t u r e  o f  t h e  r e l a t i o n s h i p .
From T a b le  4 .1  i t  can  be s e e n  t h a t  e x c e p t  f o r  t h e  seco n d  h i g h e s t  
c l a s s  ( 5 0 ,0 0 0 -1 0 0 ,0 0 0 )  a l l  f i v e  c l a s s e s  a re  p o s i t i v e l y  c o r r e l a t e d  w i th  
th e  i n d i c e s  o f  th e  t r a n s p o r t  ne tw ork  f o r  t h e  e a r l y  p e r i o d  b u t  w i th  t h e  
a d d i t i o n  o f  th e  l a s t  f o u r  d e c ad e s  th e  r e l a t i o n s h i p  i s  p o s i t i v e  f o r  a l l  
c l a s s e s .  On th e  b a s i s  o f  t h e s e  s c o r e s  i t  i s  fo u n d  t h a t  i n  th e  s i x  
e a r l y  d e c ad e s  t h e  u rb a n  p o p u l a t i o n  be tw een  5 ,0 0 0 - 1 0 ,0 0 0  s i z e  g roup  
i s  h i g h l y  c o r r e l a t e d  w i th  t h e  s t r u c t u r e  o f  t h e  r a i l  n e tw o rk .
There  w ere  changes  i n  o r d e r  o f  t h e s e  c l a s s e s  be tw een  th e  p e r i o d  
1881-1931 u n t i l  th e  c o m p le t io n  o f  t h e  r a i lw a y  and t h e n  be tw een  1931-1971 . 
Among t h e s e  c l a s s e s  I l n d  and Vth c l a s s  rem a in ed  th e  same i n  o r d e r  w h i le  
1 s t  and IV th  w en t down and I l l r d  and 371th came u p .  I t  shows t h a t  t h e  
growth o f  u rb a n  p o p u l a t i o n  i n  t h e  low er  c l a s s e s  had  a c l o s e  a s s o c i a t i o n  
w i th  r a i l w a y  deve lopm en t u n t i l  1931 .
L a s t l y  two v a r i a b l e s  e n t i r e l y  r e l a t e d  t o  t h e  r a i l w a y  deve lopm en t a re  
r o u t e  d e n s i t y  p e r  th o u sa n d  t o t a l  p o p u l a t i o n  and r o u t e  d e n s i t y  p e r  th o u ­
sand  u rb a n  p o p u l a t i o n .  The c o m par ison  o f  t h e s e  v a r i a b l e s  w i th  o t h e r  
v a r i a b l e s  d i s c u s s e d  so f a r  show t h a t  t h e y  a re  r e l a t e d  t o  t h e  s t r u c t u r e  
a t  a v e ry  low l e v e l  and i t  shows an e x p e c te d  d e c l i n e  i n  th e  p e r i o d s .
The c o r r e l a t i o n  o f  t h e s e  v a r i a b l e s  i s  p o s i t i v e  w i th  th e  i n d i c e s  f o r  th e  
s i x  e a r l y  d e c a d e s  b u t  l a t e r  on i t  i s  low , o b v io u s ly  due t o  no d e v e lo p ­
ment i n  t h i s  r e s p e c t .
To examine th e  r e l a t i o n s h i p  o f  i n d i v i d u a l  i n d i c e s  and v a r i a b l e s  and 
t o  know w hich  v a r i a b l e  h a s  been  h i g h l y  a s s o c i a t e d  a s  compared t o  o t h e r s ,  
h e r e  an a t t e m p t  h a s  been  made t o  p l o t  th e  d a t a  a c c o r d in g  t o  t h e  s e l e c t e d  
i n d i c e s .  Only f o u r  o f  t h e s e  a re  s e l e c t e d  f o r  t h e  co m p a r iso n  o f  th e  
r e l a t i o n s h i p  th ro u g h  t im e  and f i n a l l y  i t  w i l l  be c o n c lu d e d  which m easure  
i s  h i g h l y  a s s o c i a t e d  w i th  th e  o v e r a l l  u r b a n / p o p u l a t i o n  grow th and 
s i m i l a r l y  w hich  v a r i a b l e  o f  p o p u l a t i o n  h a s  a  h i g h  a s s o c i a t i o n  w i th  t h e s e  
m e a s u r e s .
T a b le s  4 . 1 a  and 4 .1 b  show t h e  ch a n g in g  r e l a t i o n s h i p  o f  16 dem ographic  
v a r i a b l e s  w i th  t h e  t o p o l o g i c a l  i n d i c e s  f o r  th e  s i x  e a r l y  decad es  and 
th e n  th e  t e n  d e c ad e s  a l l  t o g e t h e r .  The f o u r  s e l e c t e d  i n d i c e s  p r e s e n t
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t h e  r e l a t i o n s h i p  w i th  t h e  d e g re e  o f  deve lopm ent ( fi ) c o m p le t io n  o f  
c i r c u i t s  ( / 0  and p u r e l y  t o p o l o g i c a l  r a t i o s  on t h e  b a s i s  o f  towns ( / ? ( T ) )  
and j u n c t i o n s  ( ^ J ) .  A l l  t h e s e  i n d i c e s  a r e  p o s i t i v e l y  c o r r e l a t e d  among 
th e m s e lv e s ,  and t h e r e  i s  n o t  much d i f f e r e n c e  i n  t h e  d e g re e  o f  r e l a t i o n ­
s h i p .
Most o f  t h e s e  v a r i a b l e s  a re  s i g n i f i c a n t l y  r e l a t e d  t o  t h  */^ ' and ft
i n d i c e s ,  w hich  a r e  a b r u p t l y  c h a n g in g  i n d i c e s  i n  t h e  s y s te m . Among 
t h e s e  v a r i a b l e s  n o .  1 ,  5 and 10 ( s e e  T ab le  4 .1 )  w ere  s i g n i f i c a n t l y  
r e l a t e d  up t o  1931 and on t h e  b a s i s  o f  th e  same r a i l  deve lopm en t t h r e e  
v a r i a b l e s  ( 3 .  12 and 13 )  w hich  were c lo s e  t o  t h e  s i g n i f i c a n t  l e v e l  i n  
th e  e a r l y  d e c a d e s  c r o s s e d  t h e  s i g n i f i c a n t  l e v e l ,  w i t h  t h e  a d d i t i o n  o f  
f o u r  r e c e n t  d e c a d e s .  S i m i l a r l y  t h r e e  o t h e r  v a r i a b l e s  ( 7 ,  8 , 11) were 
away from  t h e  s i g n i f i c a n c e  l e v e l  i n  t h e  e a r l y  d e c a d e s  b u t  came c l o s e r  
l a t e r  on .  ( s e e  T a b le s  4 , 1 a  and 4 . 1 b ) .  I t  s u g g e s t s  t h a t  a l l  t h e s e  
v a r i a b l e s  a r e  r e l a t e d  t o  t h e  s t r u c t u r e  b u t  w i th  a  v a r i a t i o n  o f  de g re e  
i n  t h e  p e r i o d s .
Now we w i l l  examine th e  c o m pos i te  de g re e  o f  r e l a t i o n s h i p  f o r  i n d i v i ­
d u a l  dem ograph ic  v a r i a b l e s  w i th  a l l  t h e  i n d i c e s  and t h e n  betw een  
i n d i v i d u a l  i n d i c e s  t o  a l l  v a r i a b l e s ,  f o r  th e  p u rp o se  o f  t h e  e x a c t  
p o s i t i o n  o f  th e  i n d i v i d u a l s  i n  o l d e r  o f  p r i o r i t y .  T h e r e f o r e  th e  
a v e ra g e  s c o r e s  f o r  each  v a r i a b l e  have  been c a l c u l a t e d  and a r e  r a n k e d  
f o r  b o th  p e r i o d s .  The c hanges  i n  t h e  r a n k s  f o r  t h e  p e r i o d s  p o i n t  o u t  
t h e  e f f e c t  o f  r a i l w a y  and r o a d  deve lopm en t on t h e s e  v a r i a b l e s .  The 
maximum d e g re e  o f  change can  be s e e n  i n  v a r i a b l e s  n o . 15 and 16 , which 
i s  e x p e c te d  and th e n  i n  th e  f i v e  v a r i a b l e s  (3 ,  8 , 9 , 12 and 1 3 ) .
I n  t h e  same way th e  a v e ra g e  s c o r e s  o f  t h e  m ea su res  u s e d  f o r  t r a n s p o r t  
s t r u c t u r e  c l e a r l y  show t h a t  t h e  m easurem ents  b a s e d  on j u n c t i o n s  as 
v e r t i c e s  do n o t  g iv e  th e  e x a c t  p i c t u r e  o f  r e l a t i o n s h i p  up t o  s i g n i f i c a n t  
l e v e l  as i s  e v id e n t  from  T ab le  4 . 1 ,  which shows no s i g n i f i c a n t  c o r r e ­
l a t i o n  f o r  any dem ograph ic  v a r i a b l e .  I t  i n d i c a t e s  t h a t  t h e  te m p o ra l  
r e l a t i o n s h i p  o f  town b a se d  s t r u c t u r e  o f  t r a n s p o r t  and dem ographic  
c hanges  i s  h ig h  w i th  town b a sed  s t r u c t u r e  as com pared t o  t r a n s p o r t  
s t r u c t u r e  b a s e d  on j u n c t i o n s .
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4 .5  D i v i s i o n  L e v e l  Temporal R e l a t i o n s h i p
For t h i s  s e c t i o n  o f  a n a l y s i s  f o u r  d e m o g r a p h ic /u r b a n iz a t io n  v a r i a b l e s  
o f  t o t a l  p o p u l a t i o n ,  u rb a n  p o p u l a t i o n ,  p e r c e n ta g e  o f  u r b a n  p o p u l a t i o n  
and number o f  u r b a n  c e n t r e s ,  have  been  s e l e c t e d  t o  a n a ly s e  t h e  r e l a t i o n ­
s h ip  w i th  t h r e e  non  ( r o u t e  l e n g t h ) ,  semi i f /  i n d e x ) ,  and P u r e ly  ( / ? )  
t o p o l o g i c a l  i n d i c e s  o f  th e  r a i l  n e tw o rk ,  w hich h av e  been  found  u s e f u l  
i n  t h e  p r e v io u s  d i s c u s s i o n  on s t a t e  l e v e l  a n a l y s i s .  T h i s  s e c t i o n  i s  
more i n t e r e s t i n g  i n  te rm s  o f  c o m par isons  o f  r e l a t i o n s h i p  betw een  
d i v i s i o n s ,  v a r i a b l e s  and p e r i o d s .
I n  t h i s  s e c t i o n  an a t t e m p t  h a s  been  made to  exam ine th e  r e l a t i o n s h i p  
i n  te rm s  o f  d e g re e  o f  c l o s e n e s s  and th e n  i t s  change w i th  t h e  a d d i t i o n  
o f  f o u r  r e c e n t  d e c ad e s  and f i n a l l y  t h e  v a r i a t i o n  o f  t h e s e  d e g re e s  and 
changes  be tw een  th e  d i v i s i o n s  o f  t h e  r e g i o n ,  b e lo n g in g  t o  t h e  d i f f e r e n t  
p e r i o d s  o f  deve lopm en t and t h i s  c o m par ison  l e a d s  t o  some d e t a i l e d  
d i s c u s s i o n  a b o u t  c h ic k e n  and egg s i t u a t i o n  i n  t h e  r e g i o n .
The f i r s t  s e t  o f  s im p le  c o r r e l a t i o n s  r e l a t e  t o  t h e  te m p o ra l  d e v e lo p ­
ment o f  th e  d i v i s i o n s  r e l a t i n g  t o  th e  decade  w ise  change  o f  r a i l r o a d  
deve lopm en t t o  t h e  change o f  u r b a n  deve lopm en t from  1881-1931 and 
1881-1971 w i th  t h e  a d d i t i o n  o f  a r e c e n t  p e r i o d  o f  1 9 3 1 -1971 . An o v e r a l l  
e x a m in a t io n  o f  t h e s e  c o r r e l a t i o n  c o - e f f i c i e n t s  shows t h a t  h ig h  c o r r e ­
l a t i o n  e x i s t s  be tw een  t o t a l  p o p u l a t i o n  and th e  i n d i c e s  o f  r a i l  n e tw o rk ,  
m a in ly  i n  th e  p l a i n s  r e g i o n s ,  A p o s i t i v e  b u t  c o m p a r a t iv e ly  low 
c o r r e l a t i o n  v a l u e s  o f  R a w alp in d i  D i v i s i o n  s u g g e s t s  t h a t  th e  p h y s io ­
g rap h y  o f  th e  a r e a  was n o t  s u i t a b l e  and f a v o u r a b le  f o r  r a i l w a y  d e v e lo p ­
ment and w hich  l a t e r  on a f f e c t e d  th e  p o p u l a t i o n  g row th  b u t  on th e  o t h e r  
hand  i n  t h e  c e n t r a l  r e g i o n s  t h i s  s i t u a t i o n  i s  th e  o p p o s i t e ?  t h i s  can  
be a t t e s t e d  by th e  e x a m in a t io n  o f  s i g n i f i c a n t  c o r r e l a t i o n s  f o r  th e  e a r l y  
as  w e l l  as th e  l a t e r  p e r i o d s .  Among th e  c o - e f f i c i e n t s  r e l a t i n g  t o  t o t a l  
p o p u l a t i o n  w i th  s t r u c t u r e  o f  t h e  r a i l  n e tw ork  a r e  s i g n i f i c a n t  i n  a l l  
d i v i s i o n s  e x c e p t  R a w a lp in d i ,  b u t  t h e  c o - e f f i c i e n t  r e l a t i n g  t o  u rb a n  
p o p u l a t i o n  i s  p o s i t i v e  i n  a l l  th e  f i v e  d i v i s i o n s  b u t  i s  n o t  a t  
s i g n i f i c a n t  l e v e l  i n  th e  ex trem e  n o r th  and h i l l y  d i v i s i o n  o f  R aw alp ind i  
and th e  ex trem e  s o u th  d i v i s i o n  o f  B ahaw alpur.
F u r t h e r ,  i t  c o u ld  be a sked  w h e th e r  a l l  t h e s e  i n d i c e s  a re  r e l a t e d  i n  
e q u a l  d e g r e e ,  a s  th e  n a t u r e  o f  m easurem ent i s  d i f f e r e n t .  B e ta  i f l  )
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m easu res  a t o p o l o g i c a l l y  s im p le  r a t i o  be tw een nodes  and e d g e s ,
P i  ( H ) t h e  d e g re e  o f  deve lopm en t i n  te rm s  o f  c o m p le x i ty  w h i le  ' r o u t e  
l e n g th *  i s  a  p u r e l y  n o n - t o p o l o g i c a l  m ea su re .  T a b le  4 ,2  shows t h a t  a l l  
t h e s e  i n d i c e s  v a r y  i n  d e g re e  f o r  i n d i v i d u a l  v a r i a b l e s  o f  c h a n g e .  I t  
i s  i n t e r e s t i n g  t o  n o te  t h a t  some v a r i a b l e s  w hich a r e  low w i th  one 
m easure  a r e  h ig h  w i th  a n o t h e r .  T h is  i n d i c a t e s  th e  s t r u c t u r a l  
v a r i a t i o n s  i n  t h e  sub r e g i o n s  i n  te rm s  o f  c o m p le x i ty  l e n g t h  and 
v e r t i c e s .  W ith th e  e x c e p t io n  o f  R a w a lp in d i ,  a l l  t h e  d i v i s i o n s  have  
m inor v a r i a t i o n s  i n  th e  d e g re e  o f  r e l a t i o n s h i p  be tw een  v a r i a b l e s  and 
i n d i c e s .  The v a r i a b l e s  o f  R aw alp ind i  d i v i s i o n  a r e  h i g h l y  c o r r e l a t e d  
w i th  ii , r o u t e  l e n g t h  and ' ft ' r e s p e c t i v e l y .  As a l l  t h e s e  i n d i c e s  
r e p r e s e n t  t h e  d i f f e r e n t  n a t u r e  o f  t h e  s t r u c t u r e ,  so  a  h ig h  c o r r e l a t i o n  
w i t h  ' ft ' and low r e l a t i o n  w i th  ' '  i n  R aw alp in d i  d i v i s i o n  s u g g e s t s  
t h e  c o m p le x i ty  o f  t h e  n e tw o rk  w i th  a  l i t t l e  i n c r e a s e  i n  v e r t i c e s  and 
a medium change i n  r o u t e  l e n g t h  ( in d e x )  o f  t h e  r e g i o n .  The low d e g re e  
o f  r e l a t i o n s h i p  o f  t h e  changes  i n  number o f  u rb a n  c e n t r e s  ( in d e x )  w i th  
th e  in d e x  o f  r o u t e  l e n g t h  i n d i c a t e s  th e  r o u t e  l e n g t h  w hich  a I
an e a r l y  s t a g e  and s i m i l a r l y  th e  lo w e s t  d e g re e  o f  c o r r e l a t i o n  w i th  ' '  
shows a v e r y  m ino r  change i n  v e r t i c e s  t h ro u g h o u t  t h e  p e r i o d  i n  t h i s  
r e g i o n  ( s e e  T a b le  4 . 2 ) .  T h is  f a c t  can  f u r t h e r  be a t t e s t e d  w i th  th e  
e x a m in a t io n  o f  a v e r y  low r a t e  o f  grow th f o r  u r b a n  c e n t r e s  i n  t h i s  
r e g i o n  ( s e e  T a b le  2 . 4 ) ,  The e x i s t e n c e  o f  s i g n i f i c a n t  c o r r e l a t i o n  
( 0 .9 3 5 )  be tw een  t o t a l  and u r b a n  p o p u l a t i o n  f o r  1881-1931 r e q u i r e  an 
e q u a l  d e g re e  o f  a s s o c i a t i o n  betw een  t h e s e  two v a r i a b l e s  and i n d i c e s  
o n ly  P i  i n d e x  ( $  ) show an e q u a l  d e g re e  w h i le  t h i s  r e l a t i o n s h i p  i s  
low i n  t h e  c a s e  o f  ' r o u t e  l e n g t h '  and ' ' .  I t  i n d i c a t e s  t h a t  t h e r e  
was n o t  a  s i g n i f i c a n t  change o r  i n c r e a s e  i n  t h e  r o u t e  l e n g t h  and i n  
th e  number o f  v e r t i c e s  a t  t h e  l a t e r  s t a g e  o f  t h e  p e r i o d  b u t  th e  changes 
to o k  p l a c e  from  a s im p le  n e tw o rk  t o  a  complex o ne , w i th  th e  a d d i t i o n  
o f  s m a l l  r o u t e s .  I t  can  f u r t h e r  be c o n f i rm e d  by t h e  n e t  i n c r e a s e  i n  
R a w alp in d i  D i v i s i o n  w hich was h ig h  i n  1881 and 1891, b u t  l a t e r  on i t  
was v e r y  low.
The low r e l a t i o n s h i p  o f  t h e  i n d i c e s  w i th  th e  v a r i a b l e  o f  'num ber o f  
u rb a n  c e n t r e s '  and c o m p a r a t iv e ly  h ig h  w i t h 'u r b a n  p o p u l a t i o n * s u g g e s t s  
t h a t  i n  t h i s  r e g i o n  th e  e x p a n s io n  o f  p r e - r a i l w a y  towns was more s i g ­
n i f i c a n t  t h a n  t h e  grow th o f  new towns i n  t h e  p e r i o d  o f  r a i l  d e v e lo p m en t .
E x cep t  f o r  t h e  'p e r c e n t a g e  o f  u rb a n  p o p u l a t i o n '  t h e  v a r i a b l e s  f o r
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T ab le  4 .2  
DIVISION LEVEL CORRELATION
R egion  V a r i a b l e s
f i
1881-1931
$  I
1881-1971
Av. fi Av,
1-RWP
T o t a l  p o p u l a t i o n  
U rban  p o p u l a t i o n  
%age o f  u rb a n  pop . 
No. o f  u rb a n  c e n .
.733
.752
.652
.092
.460
.424
.498
.412
T o t a l  p o p u l a t i o n X X X ,954 X X x  .753
U rban  p o p u l a t i o n X X X .956 .587
%age o f  u rb a n  pop . .506 X X .663
No. o f  u rb a n  c e n . X X X .963 X X x  ,856
T o t a l  p o p u l a t i o n X X X .867 X X X .636
Urban p o p u l a t i o n X X .863 X X .617
%age o f  u rb a n  pop . X X .869 X  X X .771
No. o f  u r b a n  c e n . .661 X X .650
T o t a l  p o p u l a t i o n  x x  x .892 x  .642
U rban  p o p u l a t i o n  x  x  x .794 x  .541
%age o f  u r b a n  pop . - . 5 6 0  .416
No. o f  u rb a n  c e n .  ,729 x  x  x  .676
T o t a l  p o p u l a t i o n  x  - x x  .921 .633
U rban  p o p u l a t i o n  ,474  .521
%age o f  u rb a n  pop . - .6 8 7  .532
No. o f  u rb a n  c e n .  .539 x  .688
s i g n i f i c a n t  o v e r  95 p e r  c e n t
= B e ta  In d ex  
ft -  P i  In d e x  
L = R oute  l e n g t h  
Av.= Average v a lu e  o f  t h r e e  i n d i c e s
N ote :  o n ly  s i g n i f i c a n t  r e l a t i o n s h i p s  a re  g iv e n  h e r e ;  f o r  d e t a i l  
s e e  Appendix  B2.
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t h e  new ly  s e t t l e d  d i v i s i o n  o f  S a rgodha  a r e  a s s o c i a t e d  w i th  th e  i n d i c e s  
o f  r a i l  n e tw o rk  a t  a  s i g n i f i c n a t  l e v e l  and w i th  a  v e r y  sm a l l  v a r i a t i o n  
i n  t h e  d e g re e  o f  t h e s e  i n d i c e s  w i th  each  v a r i a b l e .  The h i g h e s t  
r e l a t i o n s h i p  o f  t o t a l  p o p u l a t i o n  can  be se e n  w i th  ' r o u t e  l e n g t h '  '/? ' 
and ' ft ' r e s p e c t i v e l y  ( s e e  T ab le  4 . 2 ) .  The h i g h e s t  c o r r e l a t i o n  
be tw een  ' r o u t e  l e n g t h '  and t o t a l  p o p u l a t i o n  i n  a  new ly  s e t t l e d  r e g i o n  
i s  e x p e c te d  as  t h e  deve lopm en t s t a r t e d  a t  th e  same p e r i o d .  The grow th 
i n  ' r o u t e  l e n g t h '  was v e ry  low u n t i l  1881 and a f t e r w a r d s  th e  g r a d u a l  
i n c r e a s e  a t t e s t s  t h e  s i g n i f i c a n t  r e l a t i o n s h i p .
S i m i l a r l y ,  a  s l i g h t l y  low d e g re e  o f  a s s o c i a t i o n  be tw een  t o t a l  
p o p u l a t i o n  and ' f t ' can  be e x p e c te d  as  w e l l  b e c a u s e  a t  t h e  i n i t i a l  
s t a g e s  o f  th e  r a i l  d eve lopm en t t h e  r e g i o n  had  a s im p le  n e tw o rk  f o r  
w hich b o th  ' f t  ' and ' f) ' r em a in e d  low b u t  l a t e r  on i n  1910-1931 , th e  
i n t e r c o n n e c t i o n  be tw een  th e  v e r t i c e s ,  made th e  n e tw o rk  complex and 
t h e  i n d i c e s  h i g h .
I t  shows a c o m p a r a t iv e ly  h ig h  d e g re e  o f  r e l a t i o n s h i p  w i th  th e  u rb a n  
p o p u l a t i o n  o f  t h e  r e g i o n  ( s e e  T ab le  4 . 2 ) .  A s i g n i f i c a n t  c o r r e l a t i o n  
( 0 ,9 1 1 )  be tw een  u rb a n  and t o t a l  p o p u l a t i o n  f o r  t h e  same p e r i o d  c o n f i rm s  
th e  f a c t ,
A p o s i t i v e  b u t  c o m p a r a t iv e ly  low c o r r e l a t i o n  b e tw een  'p e r c e n t a g e  o f  
u rb a n  p o p u l a t i o n '  and i n d i c e s  o f  r a i l  ne tw ork  seems due t o  t h e  f l u c ­
t u a t i o n s  i n  t h e  p e r c e n ta g e  o f  u rb a n  p o p u l a t i o n  d u r in g  1891-1901 , when 
th e  t o t a l  p o p u l a t i o n  o f  th e  r e g i o n  showed a sudden  i n c r e a s e  and i n  
s p i t e  o f  a g r a d u a l  i n c r e a s e  i n  u rb a n  p o p u l a t i o n ,  i t s  r a t i o  came down.
I n  t h i s  r e g i o n  i t  i s  i n t e r e s t i n g  to  n o te  t h a t  a h ig h  d e g re e  o f  c o r r e ­
l a t i o n  ( 0 .9 9 4 )  e x i s t s  f o r  t h r e e  v a r i a b l e s  w i th  t h r e e  i n d i v i d u a l  i n d i c e s  
o f  r a i l  n e tw o rk  i e . ,  t o t a l  p o p u l a t i o n  w i th  r o u t e  l e n g t h ,  u rb a n  p o p u l a t i o n  
w i th  ' f i ' and number o f  u r b a n  c e n t r e s  w i th  '/? * ( s e e  T ab le  4 . 2 ) .  I n  
o t h e r  words i t  can  be SuzJ'
l e n g t h  (w hich  i s  a n o n - t o p o l o g i c a l  in d e x  and does  n o t  i n d i c a t e  any 
c o m p le x i ty  o f  t h e  n e tw o rk )  and t h e  t o t a l  p o p u l a t i o n  a r e  accom panied  
by each  o t h e r .  L a t e r  on w i th  th e  deve lopm ent o f  b ra n c h  l i n e s  and i n t e r ­
c o n n e c t io n s  t h e  n e tw o rk  becomes more complex and t h e  d e g re e  o f  P i  in d e x  
( 0 ) i n c r e a s e s ,  w hich  c o r r e s p o n d s  t o  th e  u rb an  p o p u l a t i o n  e i t h e r  i n  th e  
p r e - e x i s t i n g  o r  newly s e t t l e d  tow ns. A h ig h  and s i g n i f i c a n t  d e g re e  o f  
r e l a t i o n s h i p  ( 0 .9 9 4 )  betw een  th e  B e ta  i n d e x  and 'num ber o f  u rb a n  c e n t r e s '
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f o r  th e  p e r i o d  1881-1931 i n d i c a t e  th e  grow th  o f  m a rk e t  towns a lo n g  
th e  r a i l w a y  l i n e s  d u r in g  t h i s  p e r i o d ,  A c o m p a r a t iv e ly  h ig h  growth o f  
u rb a n  c e n t r e s  i n  t h i s  r e g i o n  f o r  t h e  same p e r i o d  c o n f i rm s  th e  f a c t  
( s e e  T ab le  2 . 4 ) .
A l l  v a r i a b l e s  f o r  th e  Lahore  d i v i s i o n ,  which i n c l u d e s  b o th  new and 
s e t t l e d  d i s t r i c t s  a re  r e l a t e d  w i th  t h e  i n d i c e s  o f  r a i l  n e tw ork  a t  
e q u a l  d e g re e  e x c e p t  f o r  two; one i s  th e  v a r i a b l e  o f  number o f  u rb a n  
c e n t r e s  which h a s  a  c o m p a r a t iv e ly  low d e g re e  o f  r e l a t i o n s h i p  w i th  a l l  
t h e  i n d i c e s  o f  r a i l  n e tw o rk ,  t h e  o t h e r  v a r i a b l e  w i t h  a low d e g re e  o f  
c o r r e l a t i o n  i s  'u r b a n  p o p u l a t i o n ' ,  w i th  a poo'r r e l a t i o n  w i th  'fo ' .
Here i t  i s  i n t e r e s t i n g  t o  n o te  t h a t  t h e  a s s o c i a t i o n  o f  ' f t  ' i s  s i g ­
n i f i c a n t  w i th  t o t a l  p o p u l a t i o n  b u t  n o t  w i th  u rb a n  p o p u l a t i o n . ( s e e  
T a b le  4 . 2 ) .  T h is  low l e v e l  o f  r e l a t i o n s h i p  o f  ' f i '  w i th  b o th  th e  
v a r i a b l e s  ( u rb a n  p o p u l a t i o n  and number o f  u rb a n  c e n t r e s )  i n d i c a t e s  th e  
dominance o f  t h e  c i t y  o f  L a h o re ,  w hich w i l l  be more c l e a r  i n  t h e  
d i s t r i c t  l e v e l  a n a l y s i s  o f  th e  r e l a t i o n s h i p .
The v a r i a b l e s  o f  'u r b a n  p o p u l a t i o n '  and 'p e r c e n t a g e  o f  u rb a n  
p o p u l a t i o n '  a r e  r e l a t e d  w i t h  th e  i n d i v i d u a l  i n d i c e s  o f  r a i l  n e tw o rk  a t  
an e q u a l  d e g re e  o f  r e l a t i o n s h i p  ( s e e  T ab le  4 . 2 ) .  I t  i n d i c a t e s  t h e  
c l o s e n e s s  o f  t h e s e  two v a r i a b l e s  i n  te rm s  o f  changes  i n  t h e  u rb a n  
p o p u l a t i o n  o f  t h e  r e g i o n .  L ike  R aw alp ind i  d i v i s i o n ,  t h e  s t r u c t u r e  o f  
t h i s  r e g i o n  (L a h o re  d i v i s i o n )  i s  a l s o  h i g h l y  c o r r e l a t e d  w i th  P i  ( 0 ),  
r o u t e  l e n g t h  and ' ' r e s p e c t i v e l y .
I n  t h e  c a s e  o f  M ultan  and Bahawalpur d i v i s i o n s ,  a l l  t h e  i n d i c e s  o f  
r a i l  n e tw o rk  show v e ry  m inor  d i f f e r e n c e s  i n  th e  d e g re e  o f  r e l a t i o n s h i p  
w i th  t h e  i n d i v i d u a l  v a r i a b l e s  a s  t h e s e  i n d i c e s  m easu re  t h e  changes  o f  
th e  r e g i o n  a t  t h e  same s c a l e .  I n  th e  M ultan  d i v i s i o n  th e  v a r i a b l e s  o f  
t o t a l  p o p u l a t i o n ,  u rb a n  p o p u l a t i o n  and number o f  u r b a n  c e n t r e s  a re  
p o s i t i v e l y  r e l a t e d  w i th  t h e  p e r c e n ta g e  o f  u r b a n  p o p u l a t i o n  and a re  
n e g a t i v e  w i th  a l l  t h e  i n d i c e s .  I t  shows t h a t  p e r c e n ta g e  o f  u rb a n  
p o p u l a t i o n  d i d  n o t  c h a n g e ,  p r o b a b ly  due t o  an a c c e l e r a t i n g  change i n  
th e  t o t a l  p o p u l a t i o n  o f  th e  newly s e t t l e d  a r e a s  o f  t h e  r e g i o n .  A 
s i m i l a r  r e l a t i o n s h i p  can  be found  i n  th e  same v a r i a b l e s  o f  Bahawalpur 
d i v i s i o n  showing a h i g h e r  g row th  r a t e  i n  t o t a l  p o p u l a t i o n  th a n  th e  
u r b a n  p o p u l a t i o n  ( s e e  T ab le  4 . 3 ) ,  I n  Bahawalpur d i v i s i o n ,  t h e  h i g h e r  
a s s o c i a t i o n  be tw een  'num ber o f  u rb a n  c e n t r e s '  and i n d i c e s  o f  r a i l
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n e tw o rk  i n d i c a t e s  t h e  grow th o f  new u rb a n  c e n t r e s  a lo n g  th e  l i n e s  w i th  
l e s s  p o p u l a t i o n .
Coming t o  t h e  c o n c lu s io n s  i n  te rm s  o f  i n d i v i d u a l  i n d i c e s  h e r e  an 
a t t e m p t  h a s  b een  made t o  examine th e  number o f  v a r i a b l e s  a c c o r d in g  t o  
t h e i r  d e g re e  o f  c o r r e l a t i o n  w i th  t h e  i n d i v i d u a l  i n d i c e s .  For t h e  sake 
o f  c o m p ar iso n  th e  d e g re e  o f  r e l a t i o n s h i p  can  be d i v i d e d  i n t o  th e  
f o l l o w i n g  f o u r  g ro u p s  o f  c r i t i c a l  v a l u e s :
A + 0 ,7 0 0  -  1 .0 0 0  ( a  h ig h  d e g re e  o f  a s s o c i a t i o n )
B + 0 ,4 0 0  -  0 .7 0 0  ( a  s u b s t a n t i a l  r e l a t i o n s h i p )
C + 0 .2 0 0  -  0 .4 0 0  ( a  low d e g re e  o f  a s s o c i a t i o n )
D + <[ 0 .2 0 0  ( a  n e g l i g i b l e  r e l a t i o n s h i p )
T ak ing  a l l  t h e  v a r i a b l e s  t o g e t h e r  o u t  o f  a t o t a l  o f  20 ( f o u r  f o r  
each  d i v i s i o n )  P i  in d e x  ( f i  ) i s  c o r r e l a t e d  w i th  a  t o t a l  number o f  13 
v a r i a b l e s  a t  'A* l e v e l ,  w i th  s i x  v a r i a b l e s  a t  'B '  l e v e l  and w i th  o n ly  
one a t  'C '  l e v e l  w h i l e  t h e  ' f i '  in d e x  i s  c o r r e l a t e d  w i th  11 v a r i a b l e s  
a t  'A ' l e v e l  ( h ig h  d e g re e  o f  a s s o c i a t i o n ) ,  w i th  e i g h t  v a r i a b l e s  a t  'B '  
and w i th  o n ly  one a t  'C '  l e v e l .  The non t o p o l o g i c a l  in d e x  o f  ' r o u t e  
l e n g t h '  shows a v e r y  c lo s e  a s s o c i a t i o n  w i th  12 v a r i a b l e s  a t  'A ' l e v e l  
and se v en  and one v a r i a b l e  a t  'B '  and 'D ' l e v e l s  r e s p e c t i v e l y .  I t  
s u g g e s t s  t h a t  a l th o u g h  a l l  t h e s e  i n d i c e s  show a v a r i a t i o n  i n  d e g re e  o f  
a s s o c i a t i o n  w i th  i n d i v i d u a l  v a r i a b l e s ,  c o l l e c t i v e l y  t h e y  a re  v e ry  much 
c o r r e l a t e d  w i th  one a n o t h e r .  So f o r  th e  p u rp o se  o f  t h e  c o m p ar iso n  o f  
th e  d e g re e  o f  a s s o c i a t i o n  be tw een  v a r i a b l e s ,  r e g i o n s  and p e r i o d s  i t  
w i l l  be u s e f u l  t o  o b t a i n  t h e  a v e ra g e  s c o r e s  o f  t h e s e  i n d i c e s  t o  p r e s e n t  
t h e  s t r u c t u r e  o f  t h e  r a i l  n e tw o rk  as a  w h o le .
A d i v i s i o n  l e v e l  c o r r e l a t i o n  a n a l y s i s  w i th  i n d i v i d u a l  i n d i c e s  and 
th e n  w i th  a v e ra g e  d e g re e  o f  t o t a l  and u r b a n  p o p u l a t i o n  g iv e s  a c l e a r e r  
p i c t u r e  o f  t h e  r e l a t i o n s h i p  ( s e e  F ig u re  4 .1  F-M ). The h ig h  c o r r e l a t i o n  
be tw een  t o t a l  p o p u l a t i o n  and i n d i v i d u a l  i n d i c e s  f o r  i n d i v i d u a l  d i v i s i o n s  
does  n o t  i n d i c a t e  any s i g n i f i c a n t  change i n  o r d e r  o f  t h e  d i v i s i o n s  
w h i le  c o r r e l a t i n g  w i th  t h e  a v e ra g e  s c o r e s  o f  t h e  i n d i c e s  ( s e e  F ig u re
4 .1  L ) . S i m i l a r l y  a  d i v i s i o n  l e v e l  r e l a t i o n s h i p  o f  u r b a n  p o p u l a t i o n  
does  n o t  i n d i c a t e  any s i g n i f i c a n t  change i n  o r d e r  o f  t h e  d i v i s i o n s  
( s e e  F ig u re  4 .1  G ,I ,K )  by t h e  c o r r e l a t i o n  w i th  a v e ra g e  s c o r e s  o f  t h e  
i n d i c e s  ( s e e  F ig u re  4 .1  M). I n  o t h e r  words we c an  s a y  t h a t  i f  ' f i  '
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i n d i c a t e s  i t s  h ig h  d e g re e  o f  a s s o c i a t i o n  w i th  u r b a n  p o p u l a t i o n  f o r  
Sa rgodha  d i v i s i o n  and low f o r  Bahaw alpur d i v i s i o n ,  i t  r e m a in s  th e  same 
w i th  f f  , RL, and f i n a l l y  w i th  a v e ra g e  s c o r e s  o f  t h e s e  i n d i c e s  ( s e e  
F ig u re  4 .1  F-M ). The te m p o ra l  r e l a t i o n s h i p  be tw een  t o t a l  p o p u l a t i o n  
and s t r u c t u r e  o f  r a i l  n e tw o rk  i s  s i g n i f i c a n t  i n  t h e  c e n t r a l  and 
s o u th e r n  d i v i s i o n s  o f  S a rg o d h a ,  Bahawalpur and M ultan  w h i l e  a p o s i t i v e  
b u t  c o m p a r a t iv e ly  low r e l a t i o n s h i p  can  be found  i n  th e  o l d  s e t t l e d  
d i v i s i o n s  o f  L ahore  and R a w a lp in d i .
S i m i l a r l y  t h e  r e l a t i o n s h i p  be tw een  u rb a n  p o p u l a t i o n  and s t r u c t u r e  
o f  r a i l  n e tw o rk  i s  a g a in  h ig h  f o r  Sa rgodha  d i v i s i o n  and t h e n  f o r  L ah o re ,
M ultan  and R a w a lp in d i  d i v i s i o n s  and t h i s  a s s o c i a t i o n  i s  v e r y  low f o r
Bahaw alpur d i v i s i o n ,  w here  u r b a n i z a t i o n  i s  a  r e c e n t  phenomenon and i n  
t h i s  r e s p e c t  th e  change i n  th e  r a n k s  o f  d i v i s i o n s  be tw een  t o t a l  and 
u rb a n  p o p u l a t i o n  i s  e x p e c t e d .  The dominance o f  L ahore  d i v i s i o n  i s  due t o  
th e  c hanges  o f  u r b a n  p o p u l a t i o n  i n  th e  c i t y  o f  L a h o re .  T h is  can  be
c o n f i rm e d  by th e  e x a m in a t io n  o f  a  b ig  v a r i a t i o n  i n  th e  d e g re e  o f
a s s o c i a t i o n  be tw een  th e  v a r i a b l e  o f  'number o f  u r b a n  c e n t r e s '  and th e  
s t r u c t u r e  o f  t h e  t r a n s p o r t  ne tw o rk  ( s e e  F ig u re  4 .1  E ) .
A c o m p ar iso n  be tw een  t h e  d e g re e  o f  a s s o c i a t i o n  o f  t h e  v a r i a b l e s  
'U and N' ( u rb a n  p o p u l a t i o n  and t h e  number o f  u r b a n  c e n t r e s )  w i th  th e  
s t r u c t u r e  o f  t h e  t r a n s p o r t  n e tw o rk  f o r  th e  v a r i o u s  d i v i s i o n s ,  shows t h a t  
t h e  s t r u c t u r e  o f  t h e  r a i l  n e tw o rk  o f  t h e  o ld  s e t t l e d  d i v i s i o n s  o f  Lahore  
and R a w a lp in d i  i s  h i g h l y  c o r r e l a t e d  w i th  t h e  u r b a n  p o p u l a t i o n  b u t  th e  
c o r r e l a t i o n  i s  low w i th  t h e  number o f  u rb a n  c e n t r e s .  T h is  i n d i c a t e s  
t h e  dom inance and g row th  o f  th e  o l d  c i t i e s  o f  t h e  r e g i o n  w hich  were 
c o n n e c te d  w i th  th e  r a i l  a t  th e  i n i t i a l  s t a g e  o r  th e  s t a g e  a t  which t h e s e  
c i t i e s  were c o n n e c te d .
I n  t h e  same way th e  d e g re e  o f  r e l a t i o n s h i p  be tw een  p e r c e n ta g e  o f  
u r b a n  p o p u l a t i o n  and s t r u c t u r e  o f  t r a n s p o r t  n e tw o rk ,  v a ry  f o r  th e  
d i v i s i o n s .  I t  i s  h ig h  f o r  th e  o l d  d i v i s i o n s  o f  L ahore  and R aw alp ind i  
and low f o r  t h e  new ly s e t t l e d  a r e a s  o f  S a rg o d h a ,  M u ltan  and Bahawalpur 
d i v i s i o n s .  A co m p ar iso n  be tw een  th e  d e g re e s  o f  r e l a t i o n s h i p
i .  b e tw een  th e  s t r u c t u r e  o f  r a i l  n e tw ork  and t o t a l  p o p u l a t i o n ,
i i .  s t r u c t u r e  o f  th e  r a i l  n e tw o rk  and p e r c e n ta g e  o f  u r b a n  p o p u l a t i o n ,  
s u g g e s t s  t h a t  a l l  t h o s e  d i v i s i o n s  whose s t r u c t u r e  o f  t r a n s p o r t  ne tw ork  
i s  h i g h l y  c o r r e l a t e d  w i th  t h e  t o t a l  p o p u l a t i o n  show a low d e g re e  o f
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r e l a t i o n s h i p  be tw een  t h e i r  s t r u c t u r e  o f  t r a n s p o r t  n e tw o rk  and p e rc e n ta g e  
o f  u rb a n  p o p u l a t i o n .  The s t r u c t u r e  f o r  th e  new ly s e t t l e d  d i v i s i o n s  o f  
S a rg o d h a ,  M ultan  and Bahawalpur h a s  a h ig h  a s s o c i a t i o n  w i th  t h e  t o t a l  
p o p u l a t i o n  o f  t h e s e  r e g i o n s  b u t  h a s  a low a s s o c i a t i o n  w i th  t h e  
p e r c e n ta g e  o f  t h e i r  u r b a n  p o p u l a t i o n  ( s e e  F ig u re  4 ,1  D and L) and 
s i m i l a r l y  t h e  c a s e  f o r  L ahore  and R aw alp ind i  i s  o p p o s i t e .  T h is  c o n t r a s t  
f u r t h e r  s u g g e s t s  t h a t  t h e  change i n  u rb a n  p o p u l a t i o n  was smooth and 
r e g u l a r  i n  t h e  o ld  r e g i o n s  w h i le  i t  was a b ru p t  i n  t h e  new ly s e t t l e d  
r e g i o n s .  F o r  exam ple ,  t h e  p e rc e n ta g e  o f  u rb a n  p o p u l a t i o n  h a s  been 
f l u c t u a t i n g  th ro u g h o u t  th e  p e r i o d ,  w i th  th e  sudden  g row th  o f  th e  t o t a l  
p o p u l a t i o n  i n  t h e  new d i s t r i c t s  o f  S a h iw a l ,  L y a l l p u r  and S argodha  and 
w i th  t h e  d e c l i n e  i n  B ahaw alpu r.  A n e g a t i v e  c o r r e l a t i o n  ( - 0 , 6 2 )  be tw een  
t o t a l  p o p u l a t i o n  and p e r c e n ta g e  o f  u r b a n  p o p u l a t i o n  w i l l  be h e l p f u l  t o  
c o n f i rm  i t .
So f a r  we have  shown th e  r e l a t i o n s h i p  be tw een  t o t a l  ' e x p l a i n e d '  and 
'u n e x p l a i n e d '  v a r i a t i o n s ,  b u t  t o  know th e  v a r i a t i o n  w i t h o u t  c o n s i d e r i n g  
t h e  e f f e c t  o f  p o s i t i v e  and n e g a t i v e  v a r i a t i o n s  t o  o b t a i n  a  p e r c e n ta g e  
v a l u e ,  a l l  t h e  a v e ra g e  s c o r e s  o f  t h e  i n d i c e s  have  been  s q u a re d  t o  
c a l c u l a t e  t h e  c o - e f f i c i e n t  o f  d e t e r m i n a t i o n  w hich i n d i c a t e s  t h e  p r o p o r ­
t i o n  o f  t o t a l  v a r i a t i o n s  i n  t h e  d e p e n d e n t  v a r i a b l e  t h a t  i s  a s s o c i a t e d  
w i th  o r  e x p la i n e d  by th e  v a r i a t i o n  i n  th e  i n d e p e n d e n t  v a r i a b l e  and th e  
c o m p a r iso n  o f  t h e s e  20 v a r i a b l e s  w i l l  be h e l p f u l  t o  u n d e r s t a n d  th e  
r e l a t i o n s h i p  on t h e  b a s i s  o f  p e r c e n ta g e  v a r i a t i o n .
The p e r c e n ta g e  v a lu e s  o r  'R '  ( c o - e f f i c i e n t  o f  d e t e r m i n a t i o n )  showing 
t h e  r e l a t i o n s h i p  f o r  t h e  v a r i a b l e s  can  be d i v id e d  i n t o  t h r e e  g ro u p s :
i .  75 p e r  c e n t  -  100 p e r  c e n t
i i .  50 p e r  c e n t  -  75 p e r  c e n t
i i i .  <  50 p e r  c e n t
Among t h e s e  t h e  h ig h  c l a s s  i n c l u d e s  e i g h t  v a r i a b l e s  o u t  o f  w hich 
f o u r  b e lo n g  t o  t h e  t o t a l  p o p u l a t i o n  o f  th e  d i v i s i o n s  and t h r e e  o u t  o f  
e i g h t  a r e  a s s o c i a t e d  w i th  S a rgodha  d i v i s i o n .  I t  s u g g e s t s  t h a t  among 
a l l  t h e  f i v e  r e g i o n s  S arg o d h a  d i v i s i o n  h a s  a c o m p a r a t iv e ly  h ig h  
a s s o c i a t i o n  w i th  t h e  s t r u c t u r e  o f  i t s  t r a n s p o r t  n e tw o rk ;  and among 
t h e s e  v a r i a b l e s  o f  th e  S a rgodha  d i v i s i o n  ( t e s t e d  so  f o r )  th e  ' t o t a l
p o p u la t io n *  h a s  been  s i g n i f i c a n t  i n  a s s o c i a t i o n .  A f t e r  t h a t  th e
seco n d  m ost im p o r ta n t  and s i g n i f i c a n t l y  a s s o c i a t e d  v a r i a b l e  f o r  S a rgodha
1 2 3
d i v i s i o n  i s  u rb a n  p o p u l a t i o n .
A co m p a r iso n  be tw een  th e  c o r r e l a t i o n  o f  t h e  same i n d i c e s  and 
v a r i a b l e s  shows a number o f  changes  f o r  t h e  two p e r i o d s .  A d e c re a s e  
i n  t h e  d e g re e  o f  a s s o c i a t i o n  be tw een  v a r i a b l e s  and i n d i c e s  i s  e x p e c te d ,  
b u t  i t  i s  i n t e r e s t i n g  t o  n o te  t h a t  th e  changes  i n  t h e  v a r i a t i o n s  o f  
th e  d e g re e s  o f  a s s o c i a t i o n  a r e  n o t  s i m i l a r  and a l l  t h e  n e g a t i v e  
a s s o c i a t i o n s  have changed  t o  p o s i t i v e .  Most o f  t h e s e  ch an g es  ( from  
minus t o  p l u s )  a re  s i g n i f i c a n t  i n  th e  d i v i s i o n s  o f  M u lta n ,  Sa rgodha  
and B ahaw alpu r.  The d e g re e  o f  r e l a t i o n s h i p  be tw een  t o t a l  p o p u l a t i o n  
and s t r u c t u r e  o f  r a i l  n e tw o rk  m easu red  w i th  '/3 ' shows a s i g n i f i c a n t  
change f o r  B ahaw alpur,  M u ltan ,  R aw alp ind i  and Lahore r e s p e c t i v e l y  and 
i s  c o m p a r a t iv e ly  low i n  S a rgodha  d i v i s i o n  f o r  b o th  p e r i o d s .  The c a se  
f o r  u r b a n  p o p u l a t i o n  i s  s l i g h t l y  d i f f e r e n t  where t h e  low changes  i n  
t h e  d e g re e  o f  r e l a t i o n s h i p  be tw een  u rb a n  p o p u l a t i o n  and ' fi ' can  be 
seen  i n  L ahore  and B ahaw alpur ( s e e  F ig u re  4 ,1  F ,G ) ,  An i n c r e a s e  i n  
th e  c o r r e l a t i o n  bejtween u rb a n  p o p u l a t i o n  and 1 fi * can  o n ly  be se en  i n  
Bahawalpur d i v i s i o n ,  w hich  i n d i c a t e s  a  l a t e r  deve lopm en t i n  t h e  
u r b a n i z a t i o n  o f  t h e  r e g i o n .  I n  t h e  c a se  o f  th e  B ahaw alpur d i v i s i o n ,  
t h e r e  was much i n c r e a s e  i n  t h e  c o r r e l a t i o n  be tw een  ' t o t a l  p o p u l a t i o n '  
and ' r o u t e  l e n g t h '  and no change i n  c o r r e l a t i o n  be tw een  ' r o u t e  l e n g t h '  
and 'u r b a n  p o p u la t io n *  f o r  b o th  p e r i o d s  s u p p o r t  t h e  i d e a  and s u g g e s t  
t h a t  i n  t h i s  r e g i o n  (B ahaw alpur d i v i s i o n )  t h e  grow th  o f  t o t a l  
p o p u l a t i o n  and r a i l w a y  were e q u a l  d u r in g  th e  f i r s t  s i x  d e c ad e s  and 
u rb a n  grow th  became e q u a l  f o u r  d e c ad e s  l a t e r ,  o r  i n  o t h e r  w ords ,  b o th  
th e  u r b a n  p o p u l a t i o n  and r a i l w a y  ne tw ork  were n o t  c l o s e l y  r e l a t e d  due 
to  u n e q u a l  grow th  r a t e s ;  l a t e r  on , t h i s  gap was c o v e re d  w i th  th e  
a b ru p t  g row th  o f  t h e  u rb a n  p o p u l a t i o n .  A s i m i l a r  s i t u a t i o n  e x i s t s  i n  
M ultan  d i v i s i o n .
L ooking  a t  t h e  r e l a t i o n s h i p  be tw een  t o t a l  p o p u l a t i o n  and s t r u c t u r e  
o f  t r a n s p o r t  ne tw o rk  ( a v e r a g e  s c o r e s  o f  fi , f t , RL) one s e e s  t h a t  th e  
t o t a l  p o p u l a t i o n  o f  th e  newly s e t t l e d  d i v i s i o n s  o f  S a rg o d h a ,  Bahawalpur 
and M ultan  was c l o s e l y  r e l a t e d  w i th  th e  s t r u c t u r e  o f  t h e i r  r a i l  n e tw ork  
a t  t h e  e a r l y  p e r i o d  when r a i l  deve lopm ent was i n  p r o c e s s ,  b u t  a t  th e  
l a t e r  s t a g e  t h e  d e g re e  o f  r e l a t i o n s h i p  d e c re a s e d  f o r  a l l  t h e  d i v i s i o n s  
a t  an e q u a l  d i f f e r e n c e  r a n g in g  betw een  - 0 . 2  to  - 0 . 3  d e g re e s  ( s e e  T ab le
4 .2  and F ig u re  4 .1  L ) .  T h is  v a r i a t i o n  i n  th e  d e g re e  o f  a s s o c i a t i o n  
be tw een  two p e r i o d s  i s  h ig h  i n  B ahaw alpur, R a w a lp in d i ,  M u ltan ,  Lahore
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and t h e n  i n  S a rgodha  d i v i s i o n  r e s p e c t i v e l y .  An e q u a l  d e c l i n e  i n  th e  
d e g re e s  o f  c o r r e l a t i o n  (be tw een  t o t a l  p o p u l a t i o n  and i n d i c e s )  o f  a l l  
d i v i s i o n s  i n d i c a t e  t h a t  t h e  t o t a l  p o p u l a t i o n  o f  t h e s e  d i v i s i o n s  was 
e q u a l l y  a s s o c i a t e d  w i th  t h e i r  s t r u c t u r e  o f  t r a n s p o r t  n e tw o rk  f o r  th e  
l a t e r  p e r i o d .
E xam ining th e  r e l a t i o n s h i p  be tw een  u rb a n  p o p u l a t i o n  and s t r u c t u r e  
o f  t h e  r a i l  n e tw o rk  f o r  th e  d i v i s i o n s ,  t h e  change  i n  p e r i o d s  h i g h l i g h t s  
i t s  im p o r ta n c e  i n  th e  c a se  o f  Bahawalpur where a low d e g re e  o f  c o r r e ­
l a t i o n  i n c r e a s e d  w i th  t h e  change o f  p e r i o d .  I t  s u g g e s t s  t h a t  i n  th e  
a l r e a d y  s e t t l e d  r e g i o n s  th e  e f f e c t  o f  a s s o c i a t i o n  o f  r a i l w a y  d e v e lo p ­
ment c an  be e x p e c te d  a t  th e  e a r l y  s t a g e ,  b u t  i n  new a r e a s  o f  s e t t l e m e n t s  
i t  a lw ays  f o l l o w s .  I n  t h e  c a s e  o f  t h e  r e s t  o f  t h e  d i v i s i o n s  a n e g a t i v e  
change i n  th e  d e g re e  o f  a s s o c i a t i o n  i s  s i m i l a r .  I t  i s  i n t e r e s t i n g  t o  
n o te  t h a t  t h e r e  e x i s t s  a s i g n i f i c a n t  c o r r e l a t i o n  be tw een  u r b a n  p o p u l a t i o n  
and th e  s t r u c t u r e  o f  r a i l w a y  f o r  t h e  p e r i o d  1881 -1931 , i n  t h e  d i v i s i o n s  
o f  S a rg o d h a ,  L ahore  and M u ltan ,  b u t  w i th  t h e  a d d i t i o n  o f  f o u r  decades  
(1931 -1 9 7 1 )  t h i s  r e l a t i o n s h i p  comes down lo w e r  t h a n  s i g n i f i c a n t  l e v e l  
w h i l e  t h e  d e c re a s e  o f  th e  r e l a t i o n s h i p  o f  t h e  t o t a l  p o p u l a t i o n  does  n o t  
c r o s s  t h e  s i g n i f i c a n c e  l e v e l  ( s e e  T a b le  4 , 3 ) .
I t  i n d i c a t e s  two p o i n t s  o f  i n t e r e s t :
i .  The c o r r e l a t i o n  be tw een  u r b a n  p o p u l a t i o n  and t h e  s t r u c t u r e  o f  
t r a n s p o r t  i s  c o m p a r a t iv e ly  s t r o n g e r  th a n  th e  c o r r e l a t i o n  o f  t o t a l  popu­
l a t i o n  and s t r u c t u r e  i n  th e  r e g i o n .
i i .  The changes  i n  th e  t o t a l  p o p u l a t i o n  a re  much sm oo ther  th a n  t h e  
changes  i n  u rb a n  p o p u l a t i o n .
I t  can  f u r t h e r  be s u p p o r te d  by exam in ing  th e  g row th  r a t e s  o f  t h e s e  
r e g i o n s  w hich  a r e  h i g h e r  f o r  u r b a n  p o p u l a t i o n ,  t h a n  t h e  t o t a l  popu­
l a t i o n  d u r in g  t h i s  p e r i o d  ( s e e  T a b le  2 . 4 ) .
The p i c t u r e  becomes c l e a r e r  by lo o k in g  a t  c hanges  o f  t h e  r e l a t i o n s h i p  
betw een p e r c e n ta g e  o f  u rb a n  grow th  and s t r u c t u r e  o f  t h e  r a i l  n e tw o rk ,  
f o r  b o th  p e r i o d s .  For th e  s i x  e a r l y  decad es  t h i s  r e l a t i o n s h i p  i s  o n ly  
s i g n i f i c a n t  i n  L ahore  d i v i s i o n ,  w hich i n d i c a t e s  t h a t  i n  s p i t e  o f  low 
u r b a n i z a t i o n  a t  t h a t  s t a g e  th e  p e r c e n ta g e  o f  u r b a n  p o p u l a t i o n  i n  t h i s  
r e g i o n  was e q u a l l y  c h a n g in g .  The second r e g i o n  w i th  a  h ig h  a s s o c i a t i o n  
i s  a l s o  an o l d  s e t t l e d  r e g i o n ,  t h a t  o f  R aw alp in d i  w h i l e  among t h e  new
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s e t t l e d  d i v i s i o n s  o n ly  S a rgodha  h a s  a low p o s i t i v e  c o r r e l a t i o n  w h i le  
M ultan  and Bahawalpur d i v i s i o n s  show a s t r o n g  n e g a t i v e  r e l a t i o n s h i p  
i n  t h i s  r e s p e c t .  I t  a l s o  s u p p o r t s  th e  a l r e a d y  m en t io n ed  s t a t e m e n t  t h a t  
a t  th e  i n i t i a l  s t a g e s  i n  t h e  new a r e a s  t o t a l  p o p u l a t i o n  h a s  a c lo s e  
a s s o c i a t i o n  w i th  s t r u c t u r e  o f  t r a n s p o r t  n e tw o rk  and due t o  th e  h ig h  
p r e s s u r e  o f  r u r a l  p o p u l a t i o n  i n  t h e  newly s e t t l e d  c a n a l  co lo n y  
d i s t r i c t s , t h e  r a t i o  o f  th e  u rb a n  p o p u l a t i o n  f o r  th e  w hole  d i v i s i o n  
became low . But w i th  t h e  a d d i t i o n  o f  th e  f o u r  r e c e n t  d e c a d e s ,  th e  
s i t u a t i o n  o f  t h e  r e l a t i o n s h i p  h a s  been  c h a n g e d . ( s e e  F ig u re  4 ,1  D ) ,
L ahore  and R aw a lp in d i  d i v i s i o n s  show a v e ry  m inor  d e c r e a s e  i n  t h e  
d e g re e  o f  a s s o c i a t i o n  be tw een  p e rc e n ta g e  o f  u r b a n  p o p u l a t i o n  and 
s t r u c t u r e  o f  r a i l  n e tw o rk  be tw een  th e  two p e r i o d s ,  w h i l e  a b ig  i n c r e a s e  
i n  t h e  d e g re e  o f  a s s o c i a t i o n  can  be seen  i n  t h e  c a se  o f  B ahaw alpur, 
M ultan  and Sargodha  d i v i s i o n s .  I t  s u g g e s t s  t h a t  a t  t h e  e a r l y  s t a g e  o f  
deve lopm en t t h i s  v a r i a b l e  was u n a b le  t o  change e q u a l l y  i n  th e  newly 
s e t t l e d  a r e a s .
The f o u r t h  v a r i a b l e  'num ber o f  u rb a n  c e n t r e s '  h a s  a  s i g n i f i c a n t  
r e l a t i o n s h i p  ( w i th  i t s  s t r u c t u r e  o f  t r a n s p o r t  f o r  t h e  p e r i o d  1881-1931) 
i n  S arg o d h a  d i v i s i o n  w here a number o f  new m ark e t  towns were c r e a t e d  
d u r in g  t h e  p e r i o d  o f  r a i l  d e v e lo p m en t .  T h is  a s s o c i a t i o n  i s  v e ry  low i n  
R aw alp in d i  d i v i s i o n .  I n  t h i s  c a se  t h e  s i g n i f i c a n t  ch an g es  betw een  two 
p e r i o d s  can  be s e e n  i n  th e  d i v i s i o n s  o f  B ahaw alpur, R aw a lp in d i  and 
M ultan  ( s e e  F ig u re  4 ,1  E ) ,
F i n a l l y  t o  lo o k  a t  t h e s e  changes  th ro u g h  i n d i v i d u a l  r e g i o n s  and 
v a r i a b l e s  f o r  t h e  p e r i o d s ,  t h e  s q u a re d  v a lu e s  ( c o - e f f i c i e n t  o f  d e t e r ­
m in a t io n )  o f  t h e  c o r r e l a t i o n  o f  t h e  v a r i a b l e s  h a s  been  g iv e n  i n  
F ig u re  4 .1  C, w here we can  compare th e  d e g re e  o f  r e l a t i o n s h i p  
be tw een  t h e  two p e r i o d s  o f  1881-1931 and 1881 -1971 , t o  see  t h a t  th e  
r e l a t i o n s h i p  o f  t o t a l  p o p u l a t i o n  does  n o t  show any- s i g n i f i c a n t  change 
( p o s i t i v e  t o  n e g a t i v e  o r  n e g a t i v e  t o  p o s i t i v e )  i n  any d i v i s i o n  o f  th e  
r e g i o n  w h i le  t h e  r e l a t i o n s h i p  (be tw een  v a r i a b l e s  and s t r u c t u r e  o f  
t r a n s p o r t  n e tw o rk )  o f  u rb a n  p o p u l a t i o n  i n d i c a t e  a change i n  Bahawalpur 
d i v i s i o n ,  'p e r c e n t a g e  o f  u rb a n  p o p u l a t i o n '  i n  S a rg o d h a  d i v i s i o n  and 
th e  c o r r e l a t i o n  o f  'num bers  o f  u rb a n  c e n t r e s '  changes  i t s  deg ree  o f  
a s s o c i a t i o n  i n  R aw a lp in d i  and Bahawalpur d i v i s i o n s .  I t  shows t h a t  
v a r i a b l e s  o f  L ahore  and M ultan  d i v i s i o n s  have  c o m p a r a t iv e ly  weak
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a s s o c i a t i o n  w i th  t h i s  s t r u c t u r e  o f  t r a n s p o r t  n e tw o rk .
To u n d e r s t a n d  more p r e c i s e l y  t h e  changes  i n  r e l a t i o n s h i p  betw een 
th e  p e r i o d s  o f  1881-1931 and 1881-1971 , t h e s e  can  be compared w i th  
t h e i r  a n n u a l  r a t e s  o f  grow th  f o r  t h e  same p e r i o d s  ( s e e  T ab le  2 . 4 ) .
Here 15 o u t  o f  th e  20 v a r i a b l e s  have been s e l e c t e d  and a r e  compared 
a f t e r  r a n k i n g .  Among t h e s e  v a r i a b l e s  two NR (number o f  u rb a n  c e n t r e s  
o f  R a w a lp in d i  d i v i s i o n )  and N$ a r e  e q u a l l y  a s s o c i a t e d  i n  b o th  th e  
p e r i o d s  w h i le  t h e  t h r e e  v a r i a b l e s  r e l a t i n g  t o  t h e  number o f  u rb an  
c e n t r e s  o f  t h e  r e s t  o f  th e  t h r e e  d i v i s i o n s  have  a weak c o r r e l a t i o n  
f o r  th e  e a r l y  p e r i o d  b u t  h ig h  f o r  th e  w hole 90 y e a r s .  I t  s u g g e s t s  
t h a t  t h e  g row th  o f  t h e  u rb a n  c e n t r e s  m o s t ly  to o k  p l a c e  a f t e r  th e  
c o m p le t io n  o f  t h e  r a i l  n e tw o rk .
S i m i l a r l y  two v a r i a b l e s  o f  UB (u rb a n  p o p u l a t i o n  o f  Bahawalpur 
d i v i s i o n )  and NB (number o f  u rb a n  c e n t r e s  o f  Bahaw alpur d i v i s i o n )  
r e l a t i n g  t o  t h e  l e s s  d e v e lo p e d  r e g i o n  show a s i g n i f i c a n t  d i f f e r e n c e  i n  
t h e  r a t e s  o f  g row th  be tw een  th e  p e r i o d s  i n d i c a t i n g  t h e  l a t e r  u rb a n  
deve lopm en t o f  t h e  r e g i o n .
An e x a m in a t io n  o f  t h e  co m p ar iso n  betw een c o r r e l a t i o n  and a nnua l  
r a t e s  o f  grow th  o f  t h e  v a r i a b l e  f o r  b o th  p e r i o d s  s u g g e s t s  t h a t  t h e  
d e g re e  o f  r e l a t i o n s h i p  o f  t h e s e  i n d i v i d u a l  v a r i a b l e s  w i t h  th e  s t r u c t u r e  
o f  t r a n s p o r t  n e tw o rk ,  v a r i e s  a c c o r d in g  t o  t h e i r  a n n u a l  grow th  r a t e s  f o r  
th e  p e r i o d  o f  1881-1931 b u t  f o r  t h e  p e r i o d  1881-1971 t h e  s i t u a t i o n  i s  
th e  o p p o s i t e .
4 ,6  D i s t r i c t  L e v e l  Tem poral R e l a t i o n s h i p
For t h e  p u rp o se  o f  d i s t r i c t  l e v e l  a n a l y s i s  t h e  19 a d m i n i s t r a t i v e  
d i s t r i c t s  o f  th e  P a n ja b  a re  u s e d  a s  u n i t s ,  s i n c e  a l l  t h e  s t a t i s t i c a l  
i n f o r m a t io n  g a th e r e d  u s e s  t h e s e  u n i t s  as  t h e  b a s i s  f o r  d a t a  c o l l e c t i o n .  
As th e  t o p o l o g i c a l  i n d i c e s  a r e  weak m e a s u r t^ th e  s m a l l  u n i t s  
th ro u g h  t im e ,  t h e r e f o r e ,  ' r o u t e  l e n g t h '  o f  t h e s e  u n i t s  h a s  been s e l e c t e d  
as a c h a n g in g  p a ra m e te r  f o r  t h e  m easurem ent o f  t e m p o r a l  r e l a t i o n s h i p  
w i th  t h e i r  t o t a l  a s  w e l l  a s  u rb a n  p o p u l a t i o n  f o r  t h e  same p e r i o d s  o f  
1881-1931 and t h e n  1881 -1971 . I n i t i a l l y  t h e  r e l a t i o n s h i p  i s  m easured  
by c o r r e l a t i o n  c o - e f f i c i e n t  f o r  th e  p e r i o d  1881-1931 and th e n  to
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T ab le  4 ,3  
DISTRICT LEVEL CORRELATION
Name o f  D i s t r i c t 1881-1931 1881-1971
Route l e n g t h  Route l e n g t h  R oute  l e n g t h  R oute  l e n g th
w i th  t o t a l  w i th  u rb a n  w i t h  t o t a l  w i th  u rb a n
p o p u l a t i o n  p o p u l a t i o n  p o p u l a t i o n  p o p u l a t i o n
1 R aw alp in d i
2 Campbelpur
3 Jhe lum
4 G u j r a t
5 S a rgodha
6 M ianw ali
7 Jh an g
8 L y a l lp u r
9 Lahore
10 S i a l k o t
11 G u jran w a la
12 S h e ik h u p u ra
13 M ultan
14 S a h iw a l
15 M u z a f f a rg a rh
16 Dera Ghazi Khan
17 Bahaw alpur
18 Bahawal N agar
19 Rahim Yar Khan
0 ,911  * 0 .9 4 4  *
0 .5 7 8 0.526
0 .3 4 9 -  0 .195
0.586 0 .6 4 8
0 .981  * 0.636
0.831 0.783
0 .927 0 .711
0 .907 0 .895
0 .856  * 0 .797
0 .621 0.921
0.453 0 .502
0 .772 0.653
0 .078 0 .767
0 .756 0 .685
- 0 .637
-  0 .885
0 .5 2 9 0 .501
0 .3 8 2 0 .373
0 .4 5 6 0 ,3 5 8
0 .4 9 5 0 .463
0 .7 0 0  * 0 .5 8 8
0 .5 1 8 0 .4 3 0
0 .5 9 0 0 ,5 2 9
0 .5 5 2 0 .4 5 2
0 .556 0 .527
0 .6 3 1 0 .7 5 0
0 .3 5 5 0 .365
0 .7 6 0  * 0 .5 6 9
0 .0 9 2 0 .483
0 .6 4 2  * 0 .523
0 .8 9 2  * 0 .843
- 0 .3 3 8
0 .4 5 7
* s i g n i f i c a n t  95 p e r  c e n t
u n d e r s t a n d  th e  p e r c e n ta g e  o f  t o t a l  v a r i a t i o n  s t a t i s t i c a l l y  e x p la in e d  
by d i f f e r e n t  u n i t s ,  t h e  v a lu e s  have  been changes  t o  'R '  ( c o - e f f i c i e n t  
o f  d e t e r m i n a t i o n ) .  Out o f  t h e s e  19 u n i t s  c o r r e l a t i o n  v a lu e s  can o n ly  
be m easu red  f o r  14 d i s t r i c t s  and l e a v i n g  a s id e  th e  f i v e  l e s s  d e v e lo p e d  
d i s t r i c t s  o f  M u z a f f a rg a rh ,  Dera Ghazi Khan, B ahaw alpur,  Bahawal N ag a r ,  
and Rahim Yar Khan w here e i t h e r  t h e  r a i l  deve lopm en t to o k  p l a c e  l a t e r  
o r  p o p u l a t i o n  da ta^ - i^  n o t  a v a i l a b l e  f o r  i n d i v i d u a l  d i s t r i c t s  s in c e  
1881,
T ab le  4 ,3  shows t h a t  t h e  t o t a l  p o p u l a t i o n  o f  th e  t h r e e  d i s t r i c t s  o f  
R a w a lp in d i ,  S a rgodha  and L ahore  i s  r e l a t e d  t o  t h e i r  s t r u c t u r e  o f  t r a n s ­
p o r t  f o r  t h e  e a r l y  p e r i o d ,  a t  s i g n i f i c a n t  l e v e l .  The d i s t r i c t s  w i th  a 
h ig h  c o r r e l a t i o n  b u t  below s i g n i f i c a n c e  l e v e l  a r e  a g a in  t h e  t h r e e  
d i s t r i c t s  o f  S a rgodha  d i v i s i o n .  I t  shows th e  e a r l y  p r e s s u r e  o f  t h e  
r u r a l  p o p u l a t i o n  a lo n g w ith  t h e  r a i l w a y  deve lopm en t i n  t h e  r e g i o n .  The 
h ig h  r e l a t i o n s h i p  i n  t h e  u p p e r  d i s t r i c t s  o f  R aw alp in d i  i s  due t o  t h e  
e a r l y  c o n c e n t r a t i o n  o f  th e  p o p u l a t i o n  i n  t h e  n o r t h e r n  and n o r th  e a s t e r n  
d i s t r i c t s  o f  t h e  P a n ja b  where i t  was i n c r e a s i n g  r e l a t i v e l y  more r a p i d l y  
t h a n  i n  t h e  c e n t r a l  and w e s t e r n  d i s t r i c t s .  But w i th  t h e  open ing  o f  t h e  
low er  Chenab c a n a l  i n  t h e  Rechna Doab i n  1899, a  g r e a t  im p e tu s  t o  popu­
l a t i o n  s p re a d  and growth was g iv e n  t o  t h e  c e n t r a l  d i s t r i c t s ,  A b ig  
d i f f e r e n c e  o f  t h e  d e g re e  o f  c o r r e l a t i o n s  be tw een  t h e  two p e r i o d s  (1881 -  
1931 and 1881-1971)  f o r  R a w alp in d i  and a low er  d i f f e r e n c e  i n  t h e  c a se  
o f  S a rg o d h a  d i s t r i c t  c o n f i rm s  t h a t  a c lo s e  r e l a t i o n s h i p  be tw een  popu- - 
l a t i o n  and t r a n s p o r t  ne tw ork  i n  R aw alp ind i  d i s t r i c t  i s  o n ly  due t o  i t s  
e a r l y  c o n c e n t r a t i o n  and r a i l w a y  c o n n e c t io n s .  As th e  r a i l w a y  deve lopm en t 
to o k  p l a c e  a t  a c o m p a r a t iv e ly  l a t e r  s t a g e  i n  t h e  C e n t r a l  d i s t r i c t s ,  so 
th e  r e l a t i o n s h i p  i s  m o d e ra te .
Coming t o  t h e  r e l a t i o n s h i p  betw een  u rb a n  p o p u l a t i o n  and t r a n s p o r t  
n e tw o rk ,  i t  i s  h i g h e r  i n  t h e  o l d  d i s t r i c t s  o f  G u j r a t ,  S i a l k o t ,
G u jran w a la  and M ultan  as  e x p e c t e d , ( s e e  T ab le  4 . 3 ) .  I t  s u g g e s t s  t h a t  
d u r in g  t h i s  p e r i o d  th e  r u r a l  t o  u rb a n  movement was i n  t h e  towns o f  o ld  
d i s t r i c t s  w h i le  i n  t h e  new d i s t r i c t s  t h i s  p r o c e s s  s t a r t e d  l a t e .
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C h a p te r  5
THE REGIONAL STRUCTURE OF TRANSPORT NETWORKS
5 ,1  I n t r o d u c t i o n
I n  t h i s  s e c t i o n  th e  r e g i o n a l  s t r u c t u r e  o f  t r a n s p o r t  i s  a l s o  
a n a ly s e d  w i t h  t h e  h e l p  o f  g raph  t h e o r y  b a sed  on edges  and v e r t i c e s .
These  a r e  u s e d  t o  d e r i v e  two c l o s e l y  i n t e r - r e l a t e d  p r o p e r t i e s  o f  
c o n n e c t i v i t y  and a c c e s s i b i l i t y .  The fo rm e r  e x p r e s s e s  t h e  d e g re e  to  
w hich a n e tw o rk  p e r m i t s  d i r e c t  movements be tw een  i t s  v a r i o u s  nodes 
and i s  t h e r e f o r e  a  s i n g l e  a g g r e g a te  m easure  r e l a t i n g  t o  t h e  s t r u c t u r e  
o f  t h e  n e tg w rk  as  a  w h o le .  A c c e s s i b i l i t y  on th e  o t h e r  hand  i s  s p e c i f i c  
t o  i n d i v i d u a l  nodes  w hich  a re  d i f f e r e n t i a t e d  i n  te rm s  o f  t h e i r  l o c a t i o n s  
r e l a t i v e  t o  one a n o t h e r .
The e s s e n c e  o f  t h e  p r e s e n t  s tu d y  i s  t o  q u a n t i f y  t h e  n e tw o rk  o f  
l i n k a g e s  i n  th e  P a n ja b  and t o  r e l a t e  i t  w i th  u r b a n  d e v e lo p m en t .
T h e r e f o r e  i n  t h e  p r e v i o u s  c h a p t e r  a s i m i l a r  a t t e m p t  was made t o  lo o k  
a t  th e  t e m p o ra l  grow th  o f  r a i l w a y  ( a c r o s s  a whole  c e n t u r y ) ,  w hich i s  
s t i l l  t h e  most i m p o r ta n t  c a r r i e r  f o r  lo n g  d i s t a n c e  goods and p e o p le ,  
even though  t h e r e  h a s  been  trem endous  c o m p e t i t io n  from  r o a d  h a u la g e  
i n  r e c e n t  y e a r s .  T h is  c h a p t e r  exam ines t h e  s t r u c t u r e  o f  e x i s t i n g  
t r a n s p o r t  n e tw o rk s  and p r e s e n t s  some i n i t i a l  r e s u l t s  o b t a i n e d  from 
t h e  s tu d y  o f  r a i l  and r o a d  t r a n s p o r t  sy s tem s  w hich  have  e v o lv e d  i n  th e  
P a n ja b  i n  th e  p e r i o d s  o f  1871-1931 and 1931 -1971 , r e s p e c t i v e l y .  Then 
t h e  a n a l y s i s  i s  f o c u s e d  to  e v a l u a t e  th e  e f f e c t  o f  c h an g es  i n  t h e s e
t r a n s p o r t a t i o n  n e tw o rk s  o f  r a i l  and r o a d  c o m p r is in g  r o u t e  l e n g t h s  o f
2 ,811  and 6 ,9 7 9  m i l e s  r e s p e c t i v e l y .  Both o f  t h e s e  n e tw o rk s  l i n k  u r b a n  
c e n t r e s  o f  a l l  c l a s s e s  w i th  one a n o th e r  as  w e l l  a s  w i th  t h e i r  
t r i b u t a r y  a r e a s .
I n i t i a l l y  t h e  a n a l y s i s  i s  fo c u s e d  t o :
( 1 ) m easu re  s t r u c t u r a l  p r o p e r t i e s  o f  t h e  r a i l  n e tw o rk  as  a w ho le ,
( 2 ) m easu re  th e  s t r u c t u r e  o f  th e  r o a d  ne tw o rk
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( 3 )  i d e n t i f y  th e  changes  i n  t h e  ne tw ork  t h a t  f o l l o w  r a i l w a y  c o n s t r u c ­
t i o n ,  These changes  w hich to o k  p l a c e  by th e  c o n s t r u c t i o n  o f  r o a d s  
be tw een  s m a l l  towns as w e l l  a s  r u r a l  a r e a s ,  w i l l  be u s e f u l  to  i d e n t i f y  
th e  ch an g es  i n  n o d a l  a c c e s s i b i l i t y  w hich n o rm a l ly  d i s r u p t  t h e  e x i s t i n g  
p a t t e r n  o f  s p a t i a l  c o m p e t i t i o n  i n  th e  r e g i o n .
5 .2  D e f i n i t i o n s
The p l a c e s  w hich  a r e  c o n n e c te d  by th e  t r a n s p o r t  sy s te m  o f  t h e  r e g i o n  
( p a r t i c u l a r l y  r o a d  n e tw o r k ) ,  r a n g e  from  an i n t e r s e c t i o n  (w i th o u t  u rb a n  
c e n t r e )  t o  a  b ig  c i t y  l i k e  L a h o re .  Thus t o  o b t a i n  a  c l e a r  u n d e r s t a n d in g  
o f  t h e  c o n n e c t i v i t y  p a t t e r n ,  i t  would be n e c e s s a r y  t o  be s p e c i f i c  
r e g a r d i n g  th e  d e f i n i t i o n  o f  a  v e r t e x .  As th e  u r b a n  c e n t r e s  can  be 
g rouped  h i e r a r c h i c a l l y  a c c o r d in g  t o  t h e i r  s i z e s ,  i t  w i l l  be more 
c o n v e n ie n t  t o  s e l e c t  t h e s e  c e n t r e s  as  v e r t i c e s  a c c o r d in g  t o  t h e  s c a l e  
o f  a n a l y s i s .  On t h e  o t h e r  h a n d ,  i n  a  r e g i o n  l i k e  t h e  P a n ja b ,  th e  
im p o r ta n c e  o f  r o a d  i n t e r s e c t i o n s  ca n n o t  be i g n o r e d  a s  t h e s e  have  th e  
e f f e c t  o f  i n t r o d u c i n g  new p l a c e s  w i th  s t r a t e g i c  l o c a t i o n s  i n  t h e  economy 
and a l s o  i n  s h i f t i n g  t h e  r e l a t i v e  l o c a t i o n  o f  p l a c e s  a l r e a d y  d e v e lo p e d  
( G a r r i s o n  1 9 6 0 ) .  But b e c au se  o f  t h e  p rob lem  o f  com puting  n o d a l  
a c c e s s i b i l i t y  t h e s e  i n t e r s e c t i o n s  c a n n o t  be i n c l u d e d  f o r  r e l a t i v e  
a c c e s s i b i l i t y  b u t  a r e  o n ly  c o u n te d  ( a s  v e r t i c e s )  f o r  a b s o l u t e  
c o n n e c t i v i t y  s e p a r a t e l y .
To lo o k  a t  th e  a s p e c t s  o f  ' a b s o lu t e *  and ' i n d i v i d u a l '  c o n n e c t i v i t y  -  
The te rm s  c o n n e c t i v i t y  and a c c e s s i b i l i t y  a r e  u s e d  th r o u g h o u t  th e  s tu d y  
t o  d e s c r i b e  t h e  a c c e s s i b i l i t y  o f  t h e  n e tw ork  as  a  w hole  and th e  
a c c e s s i b i l i t y  o f  i n d i v i d u a l  p l a c e s  r e s p e c t i v e l y .
5 .3  C o n n e c t iv i t y
A n a ly s i s  o f  th e  c o n n e c t i v i t y  o f  t r a n s p o r t  n e tw o rk s  o f  t h e  P a n jab
and ch an g es  i n  t h e  a c c e s s i b i l i t y  o f  u rb a n  p l a c e s  ( d u r i n g  1931-71) i s
co n d u c te d  i n  two p a r t s :
i  c o n n e c t i v i t y  o f  r a i l  n e tw o rk
i i  c o n n e c t i v i t y  o f  r o a d  n e tw o rk
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a .  R a i l  Network
A c o n n e c t io n  t o  a  f i r s t  o r d e r  v e r t e x  h a s  a  d i f f e r e n t  e f f e c t  on th e  
sy s te m  th a n  a c o n n e c t io n  t o  a second  o r  t h i r d  o r d e r  v e r t e x ,  t h e r e f o r e  
t h e  s t r u c t u r a l  p r o p e r t i e s  o f  th e  r a i l  ne tw ork  a r e  exam ined  by a d o p t in g  
t h e  f o l l o w in g  f o u r  d e f i n i t i o n s  o f  a v e r t e x ;
i  a s  t h e  i n t e r s e c t i o n  o f  more t h a n  two l i n k s
i i  as  u r b a n  c e n t r e s  ( a c c o r d in g  t o  th e  c e n su s  o f  1971) w i th  th e
a d d i t i o n  o f  t h o s e  j u n c t i o n s  which a r e  n o t  c l a s s i f i e d  as  to w ns ,
i i i  towns w i t h  a p o p u l a t i o n  o f  50 ,0 0 0  +
i v  towns w i th  a p o p u l a t i o n  o f  2 0 ,0 0 0  +
T a b le  5 ,1 a  shows t h a t  th e  v a lu e s  o f  r a i lw a y  c o n n e c t i v i t y  o b t a in e d  
th ro u g h  th e  t o p o l o g i c a l  i n d i c e s  f o r  t h e  whole r e g i o n  o f  th e  P a n ja b ,  v a r y  
a c c o r d in g  t o  t h e  d e f i n i t i o n  o f  v e r t i c e s .  A l l  th e  s t r u c t u r a l  p r o p e r t i e s  
o f  t h e  n e tw o rk  a r e  m easu red  by v a r i o u s  i n d i c e s ,  e a ch  o f  t h e s e  i s  
c a p a b le  o f  d e s c r i b i n g  d i f f e r e n t  c o n c e p t s ,  t h a t  c a n n o t  be c a p tu r e d  
a d e q u a te ly  by one i n d e x .  The g e n e r a l  ne tw o rk  c h a r a c t e r i s t i c s  show a 
low d e g re e  o f  ( c i r c u i t )  c o n n e c t i v i t y ,  p a r t i c u l a r l y  w i th  th e  v e r t i c e s  
o f  s m a l l  s i z e  tow ns . A b ig  v a r i a t i o n  i n  th e  d e g re e  o f  r e l a t i v e  c i r c u i t  
c o n n e c t i v i t y  e v a l u a t e d  by th e  a lp h a  in d e x  (<?( ) shows a maximum 
c o n t r a s t  a c c o r d in g  t o  th e  s i z e  o f  v e r t i c e s .  I t  shows t h a t  t h e  d e g re e  
o f  c o n n e c t i v i t y  o f  b ig  u rb a n  c e n t r e s  becomes h ig h  due t o  a number o f  
f a c t o r s  l i k e  f a v o u r a b le  d i s t r i b u t i o n  w i t h i n  th e  r e g i o n  and th e  l o c a t i o n  
o f  i n t e r s e c t i o n s ,  w hich  h e l p s  to  c o n n e c t  th e m s e lv e s  th ro u g h  a h ig h  
r a t i o  (6 5 .1 2  p e r  c e n t )  o f  fu n d a m e n ta l  c i r c u i t s .  T h i s  r a t i o  d e c r e a s e s  
a lo n g  w i th  t h e  s i z e  o f  v e r t i c e s .
B e ta  i n d e x  (w hich  i n d i c a t e s  s im p le  l in k a g e  c o n n e c t i v i t y )  f o l lo w s  a 
s i m i l a r  p a t t e r n  o f  c o n n e c t i v i t y  a c c o rd in g  t o  th e  s i z e  o f  th e  v e r t e x .
For l a r g e r  u r b a n  c e n t r e s  t h e  v a lu e  o f  2 .1 2  shows t h a t  t h e r e  i s  c o n s i d e r ­
a b ly  more t h a n  th e  minimum number o f  edges  n e c e s s a r y  t o  l i n k  a l l  c e n t r e s  
( o f  t h e  same s i z e  c l a s s )  t o  t h e  n e tw o rk .  With t h e  a d d i t i o n  o f  38 
l o w e r - s i z e  towns th e  d e g re e  o f  c o n n e c t i v i t y  d e c r e a s e s  ( t o  1 .3 5 )  due to  
t h e  i n c r e a s e  o f  v e r t i c e s  on th e  e x i s t i n g  ne tw ork  ( m o s t ly  on th e  same 
e d g e s ) ,  as i t  i s  e v i d e n t  from  th e  d e c r e a s in g  v a lu e  o f  'E t a '  and 'Gamma* 
w here  th e  d e c r e a s e  i n  ' p e r  edge le n g th *  and 'maximum p o s s i b l e  number o f
*
For e x p l a n a t i o n  se e  A ppendix  'A '
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e d g e s '  to o k  p l a c e  r e s p e c t i v e l y  ( s e e  T ab le  5 . 1 ) .  I n  t h e  l i g h t  o f  th e  
v a l u e s  o f  d i f f e r e n t  i n d i c e s  i t  i s  d i f f i c u l t  t o  c o n c lu d e  a g e n e r a l  
p i c t u r e  o f  c o n n e c t i v i t y  b e c au se  i t  i s  n o t  f e a s i b l e  t o  a c c e p t  th e  r e s u l t  
on t h e  b a s i s  o f  any one d e f i n e d  v e r t e x  o r  on th e  b a s i s  o f  any one in d e x .  
T h e r e f o r e  an a v e ra g e  v a lu e  o f  t h e  A lpha (2 5 .2 5 )  B e ta  ( 1 .4 4 )  and 
Gamma ( 5 0 ,6 1 )  i n d i c e s  s u g g e s t s  t h a t  w i th  th e  e x c e p t i o n  o f  r e l a t i v e  
c i r c u i t  c o n n e c t i v i t y ,  t h e  g e n e r a l  p a t t e r n  o f  r a i l w a y  c o n n e c t i v i t y  i s  
d e v e lo p e d  a t  an i n t e r m e d i a t e  l e v e l .  The low r e l a t i v e  c i r c u i t  c o n n e c t ­
i v i t y  i s  m a in ly  due t o  t h e  l a c k  o f  t h e  i n t e r c o n n e c t i o n s  o f  th e  u rb a n  
c e n t r e s  m o s t ly  l o c a t e d  a p a r t  on p a r a l l e l  l i n e s .  Only 14 p e r  c e n t  o f  
th e  towns ( w i th  a  p o p u l a t i o n  o f  more th a n  2 0 , 0 0 0 ) have  th e  i n t e r ­
s e c t i o n s  o f  more th a n  two l i n e s ,  w h i l e  th e  r a t i o  o f  t h e  s m a l l e r  towns 
i s  p o o r e r  i n  t h i s  r e s p e c t .  S i m i l a r l y  a  h i g h e r  P i  i n d e x  ( 5 ,3 7 )  
i n d i c a t e s  a  c o n s i d e r a b l e  amount o f  s u r p l u s  i n  t h e  n e tw o rk  and th e  
c o n f i g u r a t i o n  c o n f i rm s  t h a t  more t h a n  th e  n e c e s s a r y  number o f  l i n k s  
f o r  m in im a l ly  c o n n e c te d  g ra p h s  a re  p r e s e n t ,
b .  Road Network
The s t r u c t u r e  o f  th e  r o a d  n e tw o rk  i s  more i m p o r ta n t  i n  th e  r e g i o n ,  
as  i t  c o n n e c ts  a l l  th e  202 towns (Census 1 9 7 1 ) .  Most o f  t h e s e  towns 
a r e  th e  p r o d u c t  o f  i n t e r s e c t i o n s  and a l l  t h e  m ajo r  u r b a n  c e n t r e s  a r e  
l i n k e d  th ro u g h  them . Due t o  t h e  im p o r ta n t  r o l e  p l a y e d  by t h e s e  
i n t e r s e c t i o n s  i n  te rm s  o f  exchange o f  goods ,  p e o p le  and r o u t e s ,  a l l  
o f  them have  been  i n c l u d e d  a s  v e r t i c e s  w h i le  a n a l y s i n g  t h e  t o p o l o g i c a l  
s t r u c t u r e  o f  r o a d  ne tw ork  i n  th e  r e g i o n  by th e  i n d i c e s  b a sed  upon th e  
r e l a t i o n s h i p  be tw een  th e  number o f  edges  and v e r t i c e s .  T h is  s e c t i o n  
o f  a n a l y s i s  i s  c a r r i e d  o u t  by a d o p t in g  th e  f o l l o w i n g  f o u r  t y p e s  o f  
v e r t i c e s :
i  M ajor u rb a n  c e n t r e s  (5 0 ,0 0 0  +)
i i  Towns o f  'C '  g roup  (2 0 ,0 0 0  +)
i i i  Towns o f  'D ' group  (1 0 ,0 0 0  +)
i v  I n t e r s e c t i o n s  ( w i th  more th a n  two l i n k s )
W hile  'E* g roup  i s  r e s e r v e d  f o r  a s m a l l e r  s c a l e  a n a l y s i s  o f  d i s t r i c t  
l e v e l .
T a b le  5 .1 b  p r e s e n t s  t h e  t o p o l o g i c a l  i n d i c e s  f o r  th e  P a n j a b ' s  r o a d  
n e tw o rk ,  A c l o s e  e x a m in a t io n  o f  t h e  v a lu e s  o f  t h e s e  i n d i c e s ,  w hich have 
been  m easu red  on t h e  b a s i s  o f  f o u r  d i f f e r e n t  s i z e  nodes  s u g g e s t s  t h a t
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T ab le  5 .1
PROVINCE LEVEL PATTERNS OF CONNECTIVITY
(TOPOLOGICAL AND METRICATED INDICES)
With th e  changes  i n  t h e  d e f i n i t i o n  
o f  v e r t e x .
( a )  RAIL NETWORK
V e r te x
d e f i n e d
as I n t e r s e c t i o n s Towns and Town s i z e Town s i z e
I n d i c e s ( a l l ) I n t e r s e c t i o n s 5 0 ,0 0 0  + 20 ,000  +
£ 62 157 51 84
V 51 146 24 62
F 12 12 28 23
c< 1 2 .37 4 .1 8 6 5 .1 2 19 .33
fi 1 .2 1 1 .0 8 2 .1 2 1 .3 5
Y 4 2 .1 8 3 6 ,3 4 77 .27 4 6 .6 7
Thifc 5 5 .12 19 .2 5 1 17 .12 4 5 .3 4
£h& 4 5 .3 4 1 7 .9 0 55 .1 2 33 .46
( b )  ROAD NETWORK
V e r te x
d e f i n e d
^ as  I n t e r s e c t i o n s  Town s i z e  Town s i z e  Town s i z e
I n d i c e s  ( a l l )  5 0 ,000  + 2 0 ,0 0 0  + 1 0 ,0 0 0  +
E 1033 65 121 245
V 634 24 65 145
F 400 42 57 101
3 1 .6 7  97 .67  4 5 .6  3 5 .4
F 1 .6 3  2 .7 1  1 ,8 6  1 .6 9
i  5 4 .4 8  9 8 .4 8  6 4 .0 2  57 .1 0
1 1 .0 0  2 9 0 .79  1 0 7 .3 7  48 .1 3
£r/1 6 .7 6  1 0 7 .37  5 7 ,6 8  28 ,4 9
E -  Edges
\f = V e r t i c e s
E  = C y c lo m a t ic  Number
0C = A lpha In d e x
f$ -  B e ta  I n d e x
Y = Gamma In d e x
For e x p l a n a t i o n  o f  i n d i c e s  se e  A ppendix 'A*.
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th e  s i z e  o f  t h e  v e r t e x  h a s  a  c l o s e  c o r r e s p o n d e n c e  w i t h  t h e  d e g re e  o f  
t h e  c o n n e c t i v i t y  o f  t h e  n e tw o rk .  The v a l u e s  i n c r e a s e  from  th e  
s m a l l e s t  ( i n t e r s e c t i o n )  t o  t h e  l a r g e s t  (u rb a n  c e n t r e s  o f  5 0 ,0 0 0  + ) 
v e r t i c e s .  I t  s u g g e s t s  t h a t  t h e  ne tw o rk  p r o v id e s  more l i n k s  t o  th e  
l a r g e r  c e n t r e s  t h a n  th e  s m a l l e r  o n e s ,  whose p r e s e n c e  be tw een  th e  
l a r g e r  c e n t r e s  r e d u c e s  t h e  o v e r a l l  c o n n e c t i v i t y .  The h ig h  v a lu e s  o f  
t o p o l o g i c a l  i n d i c e s  on th e  b a s i s  o f  th e  m ajo r  u r b a n  c e n t r e s  i n d i c a t e  
an above a v e ra g e  d e g re e  o f  c o n n e c t i v i t y  f o r  t h e  w hole n e tw o rk .  I t s  
low v a l u e s  w i t h  s m a l l e r  c e n t r e s  a r e  due t o  t h e i r  l o c a t i o n  on th e  edge 
c o n n e c t in g  th e  m a jo r  u rb a n  c e n t r e s ,  where t h e  a p p e a ra n c e  o f  th e  
s m a l l e r  towns i n c r e a s e s  th e  v e r t i c e s  b u t  d e c r e a s e s  th e  e d g e s ,  r e q u i r e d  
t o  m a i n t a i n  t h e  same v a l u e s .  I t  i s  a l s o  e v i d e n t  from  th e  'T h e t a '  and 
'E ta*  v a l u e s ,  w hich  a r e  low w i t h  s m a l l  c e n t r e s  and h ig h  w i th  th e  m ajo r  
c e n t r e s .
5 .4  Changes i n  c o n n e c t i v i t y
A c o m p a r iso n  be tw een  th e  c o n n e c t i v i t y  o f  r a i l  and r o a d  n e tw o rk s  
i n d i c a t e s  b ig  c h an g es  i n  t h e  v a l u e s ,  w hich a re  due t o  t h e  s u p e r ­
i m p o s i t i o n  o f  t h e  r o a d  n e tw o rk  on th e  r a i l  n e tw o rk  i n  t h e  r e g i o n .  
A l th o u g h  th e  c o n n e c t i v i t y  v a l u e s  o f  th e  r o a d  n e tw o rk  a r e  h i g h e r  th a n  
th e  r a i l  n e tw o rk  on th e  b a s i s  o f  a l l  t h e  f o u r  n o d a l  d e f i n i t i o n s ,  ou r  
i n t e r e s t  i s  fo c u s e d  o n ly  on th e  v a lu e s  o b t a i n e d  th ro u g h  th e  ( d e f i n e d )  
v e r t i c e s  o f  'B '  and 'C '  c l a s s  to w ns , w hich h o ld  an e q u a l  p o s i t i o n  on 
b o th  n e tw o rk s .
As th e  o v e r a l l  c o n n e c t i v i t y  o f  th e  r e g i o n  on th e  b a s i s  o f  m a jo r  
u r b a n  c e n t r e s  ( 5 0 ,0 0 0  +) a s  v e r t i c e s ,  i s  above a v e ra g e  f o r  bo th  r a i l  
and r o a d  n e tw o rk s ,  a h ig h  d e g re e  o f  change c a n n o t  be e x p e c te d  i n  t h i s  
r e s p e c t .  The d i f f e r e n c e  be tw een  th e  v a lu e s  shows t h a t  w i th  th e  
d eve lopm en t o f  t h e  r o a d  ne tw o rk  i n  th e  r e g i o n  th e  'A lp h a '  in d e x  r o s e  
( f ro m  6 5 .1 2  p e r  c e n t  t o  97 .7  p e r  c e n t )  w i th  a b o u t  50 p e r  c e n t  change 
w hich i s  a b o u t  28 p e r  c e n t  w i th  'B e ta*  and 'Gamma' i n d i c e s .  A low er  
change i n  t h i s  s i z e  group  r e f l e c t s  an e q u a l  im p o r ta n c e  o f  th e  c e n t r e s  
i n  te rm s  o f  c o n n e c t i v i t y  on b o th  n e tw o r k s . On th e  o t h e r  hand  th e  
c h a n g in g  p a t t e r n  on th e  b a s i s  o f  th e  s m a l l e r  towns g roup  ( 20 ,000  +) 
a s  v e r t i c e s  i s  d i f f e r e n t .  H ere  th e  h ig h  ch an g es  a r e  i n  r e l a t i v e  
c i r c u i t  c o n n e c t i v i t y  (136 p e r  c e n t ) ,  w h i le  th e  ch an g es  i n  'B e ta*  and
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'Gamma' i n d i c e s  a r e  38 p e r  c e n t  and 37 p e r  c e n t  r e s p e c t i v e l y .
I t  i n d i c a t e s  t h a t  t h i s  group o f  towns (2 0 ,0 0 0  4*) had  c o n s i d e r a b l y  
more th a n  th e  minimum number o f  edges  n e c e s s a r y  t o  l i n k  them t o  
th e  r a i l  n e tw o rk  i n  1931 and w i th  t h e  r o a d  deve lopm en t l a t e r  on 
( 1 9 3 1 - 7 1 ) ,  The r o a d  c o n s t r u c t i o n  to o k  p l a c e  a lo n g  th e  r a i l w a y  l i n e s  
as  w e l l  as be tw een  them ( l i n e s )  t o  c o n n e c t  t h e  a l r e a d y  c o n n e c te d  
c e n t r e s  and c a u se d  a h i g h e r  change i n  c i r c u i t  c o n n e c t i v i t y  r a t h e r  
t h a n  l i n k a g e ,  A low v a lu e  o f  A lpha  in d e x  (1 9 ,3 3  p e r  c e n t )  r e f l e c t s  
th e  s p re a d  o f  t h e s e  c e n t r e s  a lo n g  th e  c o r r e s p o n d in g  r a i l w a y  l i n e s  
w i th  i n t e r s e c t i o n s  f a r  a p a r t  as  i s  e v id e n t  from  th e  h i g h 'E t a ' i n d e x  
(4 5 ,  34) f o r  th e  r a i l w a y  n e tw o rk  and th e  low ’E ta * in d e x  ( 6 ,7 6 )  f o r  
th e  r o a d  n e tw o rk .  I f  t h e s e  c e n t r e s  were c o n n e c te d  to  each  o t h e r  
th e  'C y c lo m a t ic  Number' would r i s e  to  150 p e r  c e n t .  Thus th e  
a d d i t i o n  o f  a  few l i n k s  would have  a m ajo r  e f f e c t  on th e  a c c e s s i b i l i t y  
o f  t h e  ne tw o rk .
5 .5  Nodal a c c e s s i b i l i t y  ( R e l a t i v e )
Though c o n n e c t i v i t y  i n d i c e s  p ro v id e  u s e f u l  a g g r e g a te  m easu res  t o  
u n d e r s t a n d  th e  s p a t i a l  s t r u c t u r e  o f  th e  w hole n e tw o rk  u n d e r  d i s c u s s i o n ,  
h o w e v e r , t h e r e  a r e  s t i l L  many s i t u a t i o n s  i n  w hich i n t e r e s t  i s  f o c u s e d  
on th e  a c c e s s i b i l i t y  o f  i n d i v i d u a l  nodes r e l a t i v e  t o  t h e  n e tw o rk  as  a 
whole  and a l s o  a s  t h e  c o n seq u e n c e s  o f  a d d in g  o r  rem ov ing  a p a r t i c u l a r  
l i n k .  As th e  e s s e n c e  o f  t h e  whole s tu d y  i s  t o  e x p lo r e  t h e  r e l a t i o n ­
s h ip  be tw een  t r a n s p o r t  and th e  grow th  o f  u rb a n  p o p u l a t i o n  as  w e l l  as 
u r b a n  c e n t r e s ,  t h e  changes  i n  a c c e s s i b i l i t y  o f  i n d i v i d u a l  c e n t r e s  
c o u ld  be an e q u a l l y  im p o r ta n t  f a c t o r  i n  u r b a n  g ro w th ,  a lo n g  w i th  t h e  
changes  i n  c o n n e c t i v i t y  o f  t h e  whole sy s te m . I n  t h i s  c a s e  we a re  
i n t e r e s t e d  i n  th e  e f f e c t  o f  c hanges  i n  th e  n e tw o rk , ( d u e  t o  th e  
a d d i t i o n  o f  r o a d  deve lopm en t i n  t h e  r e g i o n .  Fo r  t h i s  p u rp o se  i t  i s  
p o s s i b l e  t o  m easu re  t h e  a c c e s s i b i l i t y  th ro u g h  a m a t r i x ,  w hich w i l l  
be u s e f u l  t o  q u a n t i f y  t h e  s t r u c t u r a l  a s p e c t s  o f  t h e  n e tw o rk  and t o  
d e r i v e  m e a n in g fu l  m easu res  o f  a c c e s s i b i l i t y  f o r  the ' i n d i v i d u a l  
n e tw o rk  e le m e n ts  w i th  r e s p e c t  t o  each  o t h e r .  G iven a m easure  o f  t h e  
S h o r t e s t  P a th  M a t r ix  i t  i s  p o s s i b l e  t o  c a l c u l a t e  an i n d e x  o f  
a c c e s s i b i l i t y  by means o f  w hich u rb a n  c e n t r e s  can  be ra n k e d  a c c o r d in g  
t o  t h e i r  a c c e s s i b i l i t y  r e l a t i v e  t o  each  o t h e r .  As t h e  l i m i t a t i o n s  o f  
th e  m a t r ix  do n o t  p e rm i t  th e  i n c l u s i o n  o f  a l l  th e  u r b a n  c e n t r e s  i n  one
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m a t r ix ,  i n  t h i s  s e c t i o n  th e  a n a l y s i s  h a s  been  r e s t r i c t e d  t o  th e  
62 main u r b a n  c e n t r e s  w i t h  a  p o p u l a t i o n  o f  g r e a t e r  th a n  2 0 ,0 0 0 .  I n  
o r d e r  to  compare and o b t a i n  a  c l e a r e r  p i c t u r e  o f  th e  a c c e s s i b i l i t y ,  
t h e  s i z e  g roup  h a s  been  f u r t h e r  s u b - d iv id e d  by s e p a r a t i n g  th e  c e n t r e s  
w i th  p o p u l a t i o n  o f  g r e a t e r  th a n  5 0 ,0 0 0 .  T h is  m ajo r  c l a s s  o f  c e n t r e s  
y i e l d s  a t o t a l  o f  24 v e r t i c e s  o r  a p p ro x im a te ly  f i v e  p e r  d i v i s i o n .
With t h e  e x c e p t io n  o f  f o u r  d i s t r i c t s  (C am pbe lpur , M ia n w a l i ,  M u z a f fa r ­
g a rh  and Bahawal N agar)  a l l  t h e  d i s t r i c t  h e a d q u a r t e r s  a r e  in c lu d e d  
i n  t h i s  c l a s s .  Among t h e s e  t h e  d i s t r i c t s  o f  G u jran w a la  and M ultan  
have  t h r e e  ( e a c h )  w h i le  R a w a lp in d i ,  J h a n g ,  L y a l l p u r ,  L ahore  and 
S ah iw a l  have  two ( e a c h )  towns i n  t h i s  c l a s s .
A c c o rd in g  t o  t h e  s i z e  o f  t h e  towns th e  n o d a l  a c c e s s i b i l i t y  i s  
d i v id e d  i n t o :
i  A c c e s s i b i l i t y  be tw een towns o f  5 0 ,000  + p o p u l a t i o n
i i  A c c e s s i b i l i t y  be tw een towns o f  2 0 ,0 0 0  + p o p u l a t i o n
5 ,6  A c c e s s i b i l i t y  be tw een  m a jo r  towns (5 0 ,0 0 0  -t-)
A c c o rd in g  t o  t h e  Census o f  1931 t h e r e  were o n ly  f i v e  towns i n  t h i s  
s i z e  g roup  b u t  w i t h i n  a p e r i o d  o f  40 y e a r s  th e y  i n c r e a s e d  f i v e  f o l d .  
S i m i l a r l y  t h i s  s i z e  group  w hich h a s  o v e r  69 p e r  c e n t  o f  th e  t o t a l  
u r b a n  p o p u l a t i o n  o f  t h e  r e g i o n  g iv e s  a  change o f  more t h a n  560 p e r
c e n t  i n  t h e  l a s t  40 y e a r s  ( 1 9 3 1 -7 1 ) ,  How f a r  h a s  a c c e s s i b i l i t y  been
r e s p o n s i b l e  f o r  t h e  r a p i d  changes  i n  t h i s  s i z e  g roup?  T h is  q u e s t i o n  
i s  s t u d i e d  on th e  b a s i s  o f  t h e  a ssu m p tio n  t h a t  ' t h e  c h an g es  i n  
a c c e s s i b i l i t y  have  a s i g n i f i c a n t  e f f e c t  on th e  grow th  and s i z e  o f  
t h e  towns o f  t h i s  s i z e  g r o u p ' .  As th e  te rm  ' a c c e s s i b i l i t y '  i s  u se d  
i n  a w id e r  s e n s e ,  t h e r e f o r e  i n  t h i s  c a se  th e  f o l l o w i n g  few m easures  
have  been  c h o s e n ,
a .  R a i l  Network
For  t h e s e  m ajo r  c e n t r e s  t h e  a n a l y s i s  o f  th e  a c c e s s i b i l i t y  by
r a i l w a y  n e tw o rk  i s  a p p l i e d  t o  th e  sy s tem  as i t  was o r i g i n a l l y  
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c o m p le te d  i n  1931 and th e  o r i g i n a l  im p o r ta n t  r a i l  c e n t r e s  a re
w i th  th e  e x c e p t io n  o f  Dera Ghazi Khan s e c t i o n  co m p le te d  l a t e r
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i d e n t i f i e d .  The s c o r e s  o f  t h e s e  c e n t r e s  a r e  t h e n  com pared w i th  th e  
s c o r e s  o f  th e  a c c e s s i b i l i t y  c o m p le ted  i n  1971, t o  e v a l u a t e  th e  e f f e c t  
o f  r o a d  deve lopm en t on t h i s  g roup  o f  towns d u r in g  th e  p e r i o d .
The v a l u e s  o b t a i n e d  th ro u g h  th e  m a t r ix  show t h a t  S a rg o d h a  and 
Khanewal have  t h e  h i g h e s t  s c o r e s  o f  a c c e s s i b i l i t y  m aking them th e  
m ost a c c e s s i b l e  c e n t r e s  t o  t h e  r a i l  n e tw o rk  as a w h o le .  These a re  
f o l lo w e d  by M u lta n ,  L y a l lp u r  and C h in io t  w h i l e  t h e  r e s t  o f  th e  c e n t r e s  
have  c o m p a r a t iv e ly  low s c o r e s  i n d i c a t i n g  t h e i r  r e l a t i v e  i s o l a t i o n  
f rom  th e  o v e r a l l  n e tw o rk .  Among t h e s e  f i v e  to p  r a n k i n g  to w n s ,  t h r e e  
have  a p o p u l a t i o n  o f  more t h a n  2 0 ,0 0 0 ,  w h i l e  t h e  two, C h in io t  and 
Khanewal, have  l e s s  th a n  1 0 0 ,000  p o p u l a t i o n .  At t h e  low er  end o f  th e  
s c a l e  a r e  t h e  p e r i p h e r a l  towns l i k e  Rahim Y ar Khan and th e  d e v e lo p in g  
new towns o f  Kamoke and O kara .  The p o s i t i o n  o f  L ahore  i s  i n  th e  
m idd le  o f  t h e  h i e r a r c h y  ( 1 3 th )  due to  i t s  p e r i p h e r a l  l o c a t i o n  i n  th e  
r e g i o n .  B ecause o f  i t s  c e n t r a l  p o s i t i o n  among th e  g roup  o f  l a r g e r  
towns o f  t h e  n o r t h  e a s t  i t s  h i g h e r  r a n k s  on r a i l w a y  a c c e s s i b i l i t y  s c a l e  
c a n n o t  be e x p e c t e d .
To i n v e s t i g a t e  t h e  r i s e  and f a l l  i n  t h e  s u r f a c e  o f  a c c e s s i b i l i t y ,  
i t  would  be p o s s i b l e  t o  c r e a t e  a map w i th  th e  h e l p  o f  i s o l i n e s  o f  
a c c e s s i b i l i t y  b a s e d  on th e  n e a r n e s s  o f  each  one t o  a l l  t h e  r e s t  ( s e e  
F ig u re  5 . 1 a ) .  I t  shows a n o r t h - s o u t h  p a t t e r n  o f  a c c e s s i b i l i t y  and 
th e  c o n to u r s  become s t e e p e r  to w a rd s  th e  e a s t  w here  t h e s e  towns a r e  
c lo s e  s p a t i a l l y  b u t  a r e  f a r  a p a r t  t o p o l o g i c a l l y ,  due t o  t h e  absence  
o f  th e  s h o r t e s t  p a t h s .
b .  Road Network
F ig u re  5 .1 b  shows t h a t  t h e  h ig h  c o n n e c t i v i t y  v a l u e s  m easured  by 
r o a d  n e tw o rk  d i s t i n g u i s h  th e  u r b a n  c e n t r e s  o f  t h e  c e n t r a l  r e g i o n ,  
where e a r l y  econom ic g ro w th ,  e s p e c i a l l y  i n  t h e  f i e l d  o f  a g r i c u l t u r e  
to o k  p l a c e .  Most o f  t h e s e  c e n t r e s  w i th  h ig h  v a l u e s  o f  a c c e s s i b i l i t y  
by r o a d ,  had  c o m p a r a t iv e ly  low r a n k s  on th e  r a i l  n e tw o rk .  The 
i n c r e a s e  o f  a b s o lu t e  n e tw o rk  c o n n e c t i v i t y  (m easu red  by t o p o l o g i c a l  
i n d i c e s )  r e s u l t i n g  from  th e  e x t e n s i o n  o f  t h e  r o a d  n e tw o rk  d u r in g  
193 1 -7 1 ,  p r e d i c t s  changes  i n  t h e  n o d a l  a c c e s s i b i l i t y .  I t  shows t h a t  
th e  a c c e s s i b i l i t y  o f  a  number o f  u rb a n  c e n t r e s  i n c r e a s e d  betw een th e  
p e r i o d  u n d e r  d i s c u s s i o n ,  w h i l e  th e  a c c e s s i b i l i t y  in d e x  o f  c e r t a i n  
o t h e r  c e n t r e s  d e c r e a s e d  i n  r e l a t i v e  im p o r ta n c e .  A c o m p ar iso n  betw een
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t h e  r a n k s  o f  t h e s e  c e n t r e s  s u g g e s t s  t h a t  t h e  d e ve lopm en t o f  th e  r o a d  
ne tw o rk  b r o u g h t  l i t t l e  change i n  t h e  o v e r a l l  p a t t e r n  o f  a c c e s s i b i l i t y .  
With th e  e x c e p t io n  o f  a few , th e  h i g h e s t  v a l u e s  r e m a in e d  f o c u s e d  on 
th e  c e n t r e s  o f  L y a l l p u r ,  S a rg o d h a ,  M u ltan ,  Khanewal and C h i n i o t ,  w h i le  
t h e  lo w e s t  v a lu e s  c a n  be found  to w a rd s  th e  p e r i p h e r y .  However, when 
th e  a c c e s s i b i l i t y  s c o r e s  o f  i n d i v i d u a l  u rb a n  c e n t r e s ,  a f t e r  th e  
e x t e n s i o n  o f  r o a d  n e tw o rk s  i s  e x p r e s s e d  as a  p e r c e n ta g e  o f  c o r r e s ­
p ond ing  v a l u e s  b e f o r e  i t  was added , c e r t a i n  t r e n d s  become a p p a r e n t .
Among t h e s e  th e  g r e a t e s t  i n c r e a s e  h a s  o c c u r r e d  e i t h e r  i n  t h e  c e n t r a l  
nodes  o f  Okara and Jh a n g  ( l o c a t e d  i n  t h e  c e n t r e  o f  th e  l i n e s )  o r  
th e  u rb a n  c e n t r e s  l i k e  K asur l o c a t e d  on i s o l a t e d  b r a n c h e s .  These 
became a p a r t  o f  th e  c i r c u i t  w i th  r o a d  d e v e lo p m en t .
As th e  p a t t e r n  o f  a c c e s s i b i l i t y  i s  b ased  on o n ly  t h e  l a r g e  c e n t r e s  
i t  i s  e x p e c t e d  t h a t  t h e  a d d i t i o n  o f  t h e s e  towns w i l l  i d e n t i f y  m ajo r  
changes  w i th  th e  co m p a r iso n  o f  r a i l  and r o a d  n e tw o rk s .  S i m i l a r l y  by 
i g n o r i n g  th e  n o n - t o p o l o g i c a l  i n d i c e s ,  t h e  g e n e r a l  and s t r u c t u r a l  
p a t t e r n  o f  a c c e s s i b i l i t y  i s  n o t  c l e a r .  To have a c o m p a ra t iv e  and 
c l o s e r  p i c t u r e  o f  t h e s e  v a r i a t i o n s  m e t r i c a t e d  i n d i c e s  have  been  . 
i n c l u d e d .  The f i r s t  i s  th e  f lo w  o f  b u se s  a lo n g  t h e  r o a d  n e tw o rk ,  w h i l e  
t h e  se co n d  i s  d i s t a n c e  a lo n g  th e  s h o r t e s t  p a t h .
c .  L ink  c a p a c i t y
T o p o lo g ic a l  and n o n - t o p o l o g i c a l  a c c e s s i b i l i t y  m a t r i c e s  g iv e  o n ly  a 
p a r t i a l  i m p r e s s io n  o f  t h e  l i n k s  c o n n e c t in g  th e  m ajo r  u r b a n  c e n t r e s .
I n  t h e  t o p o l o g i c a l  a n a l y s i s  o n ly  t h e  p h y s i c a l  e x i s t e n c e  o f  t h e  l i n k  was 
r e c o g n i z e d ,  w h i l e  i n  t h e  m e t r i c a t e d  m a t r ix  t h e  a c t u a l  l e n g t h  a lo n g  th e  
s h o r t e s t  p a th  was i n c l u d e d .  However, no c o n s i d e r a t i o n  h a s  y e t  been 
g iv e n  t o  t h e  v a r i a t i o n  o f  th e  l i n k s  i n  te rm s o f  w id th  and c a p a c i t y ,  e t c .  
Thus i t  i s  n o t  p o s s i b l e  t o  compare d i r e c t l y ,  f o r  exam p le ,  th e  l i n k  
be tw een  M ultan  and Dera Ghazi Khan w i th  t h a t  o f  one be tw een  Lahore and 
Kamoke, w here t h e  volume o f  m o to r i s e d  t r a f f i c  p e r  day i n  t h e  f i r s t  c a se  
i s  o n ly  600 w h i le  i n  th e  se co n d  i t  i s  7 ,0 0 0 .  S i m i l a r l y  t h e  grow th and 
a c c e s s i b i l i t y  o f  a town on th e  fo rm e r  l i n k  c a n n o t  be compared w i th  
t h a t  on th e  l a t t e r .
For r a n k s  o f  towns se e  Appendix  'C ^ '
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I t  would  o n ly  be p o s s i b l e  t o  compare th e  a c c e s s i b i l i t y  o f  nodes 
w i t h i n  th e  r e g i o n  as  a w hole where a l l  th e  l i n k s  b e in g  a n a ly se d ' 
a r e  o f  e q u a l  q u a l i t y .  As t h e  m ain  fo c u s  o f  th e  s tu d y  i s  t o  t r a c e  
th e  r e l a t i o n s h i p  be tw een  grow th o f  towns and a c c e s s i b i l i t y  and b o th  
o f  t h e s e  a r e  i n f l u e n c e d  t o  some e x t e n t  by th e  t r a f f i c  f lo w ,  th e  
d i s t i n c t i o n  o f  t h e  l i n k s  i n  te rm s  o f  f lo w  c a p a c i t y  i s  im p o r t a n t  
b e c au se  f lo w  o f  bus  and r a i l  p a s s e n g e r s  i s  u s e d  as  an i n d i c a t o r  o f  
th e  number o f  p e o p le  l e a v i n g  t h e i r  home a r e a  v i a  p u b l i c  t r a n s p o r t  
and o r i e n t a t i o n  o r  d e s t i n a t i o n  i n  w hich th e y  m ost o f t e n  move. The 
p o s s i b l e  number o f  o r i g i n s  and d e s t i n a t i o n s  f o r  movement by bus ( i n  
t h e  r e g i o n )  i n d i c a t e s  t h e  s p a t i a l  o r g a n i z a t i o n .  I n  g e n e r a l ,  bus r o u t e  
c a p a c i t y  s h o u ld  be a good i n d i c a t o r  o f  t h e  a c t u a l  numbers o f  p e o p le  
moving a lo n g  each  r o u t e .
However, d e s p i t e  t h i s  l i m i t a t i o n  i t  i s  p o s s i b l e  t o  compare t h e  
a c c e s s i b i l i t y  o f  v a r i o u s  nodes by w e ig h t in g  t h e  l i n k s  a c c o r d in g  t o  t h e  
u n i t s  o f  t r a f f i c  f lo w  p e r  day . T h is  would be worked o u t  from  th e  
l o w e s t  c a p a c i t y  a lo n g  th e  l i n k  w hich  would work a s  a  b o t t l e - n e c k .  
F o l lo w in g  t h e  r u l e  o f  p o p u l a t i o n  p o t e n t i a l  we can  make t h e  a s su m p tio n  
t h a t  t h e  d i s t a n c e  a lo n g  th e  l i n k  w i l l  a c t  as a  r e s i s t a n c e  and d i v i d i n g  
t h e  c a p a c i t y  o f  th e  l i n k  by th e  d i s t a n c e ,  t h e  v a l u e s  f o r  t h e  p l a c e s  
can  be o b t a i n e d .  The l a r g e r  th e  v a l u e s ,  t h e  more a c c e s s i b l e  a r e  t h e  
p l a c e s  a t  each  end o f  t h e  l i n k .
T h is  k in d  o f  m easure  i s  u s e f u l  i n  t h e  r e g i o n  l i k e  th e  P a n jab
where t h e  f lo w  p e r  l i n k  h a s  a  b i g  v a r i a t i o n .  On t h e  b a s i s  o f  t h e  f lo w
**
d a t a  an i n d e x  o f  a c c e s s i b i l i t y  h a s  been  c a l c u l a t e d  f o r  b u se s  o n ly ,  
w hich  a r e  th e  main means o f  com m unica tion  bo th  f o r  p e o p le  and f o r  
goods be tw een  th e  towns o f  t h e  r e g i o n .  A l l  t h e s e  c e n t r e s  a r e  r a n k e d  
a c c o r d in g  t o  t h e i r  s c o r e s  on t h i s  s c a l e  ( s e e  A ppendix
To o b t a i n  a c o m p a ra t iv e  u n d e r s t a n d in g  o f  t h e  p a t t e r n  o f  a c c e s s ­
i b i l i t y  (b e tw e e n  th e  m a jo r  c e n t r e s )  th ro u g h  f o u r  d i f f e r e n t  m a t r i c e s ,  
t h e  r e s u l t s  a r e  p r e s e n t e d  as  a  s e r i e s  o f  s u r f a c e s  d e p i c t e d  by i s o l i n e s
*
w hich i s  b a s e d  on th e  n o t i o n  t h a t  t h e  im p a c t  o f  one l o c a t i o n  on 
a n o th e r  depends on th e  f a c t o r s  o f  t h e i r  r e l a t i v e  p o p u l a t i o n
** For m a t r i x  se e  A ppendix  1D’
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drawn in Figure 5.1 (a-d).
F ig u re  5 .1 a  shows t h e  p a t t e r n  o f  r a i l  a c c e s s i b i l i t y  be tw een  th e  
m ajo r  u r b a n  c e n t r e s .  A s t r i k i n g  f e a t u r e  i s  t h e  c o re  o f  a c c e s s i b i l i t y  
s t r e t c h i n g  a lo n g  t h e  m ain  c e n t r a l  l i n e  betw een M ultan  t o  Sargodha  
( th r o u g h  C h i n i o t  and L y a l l p u r )  from  w hich ru n s  a  dom inan t a x i s  o r  
r i d g e  d e s c e n d in g  g r a d u a l l y  to w a rd s  th e  p e r i p h e r y .  The n e x t  h i g h e s t  
l e v e l  o f  a c c e s s i b i l i t y  a p p e a r s  i n  t h e  n o r th  e a s t ,  f o c u s i n g  on 
S h e ik h u p u ra  due t o  i t s  c e n t r a l  p o s i t i o n  on t h r e e  l i n e s .  B ecause o f  
t h e  c o n c e n t r a t i o n  o f  t h e  m ajo r  c e n t r e s  i n  t h e  n o r t h  e a s t ,  t h e  o v e r a l l  
s u r f a c e  o f  a c c e s s i b i l i t y  d e c l i n e s  p a r t i c u l a r l y  f o r  Kamoke, w hich i s  
l o c a t e d  be tw een  two m a jo r  c i t i e s .
A c o m p a r iso n  be tw een  F ig u re s  5 . 1 a  and 5 .1 b  s u g g e s t s  a  n o t i c e a b l e  
change i n  t h e  s u r f a c e  o f  a c c e s s i b i l i t y ,  b ro u g h t  a b o u t  by t h e  r o a d  
d e v e lo p m e n t .  The c o re  o f  t h e  a c c e s s i b i l i t y  h a s  s h i f t e d  s l i g h t l y  
to w a rd s  t h e  w e s t  due t o  t h e  maximum c e n t r a l i t y  o f  Jh a n g  by r o a d  n e t ­
w ork , S i m i l a r l y  among t h e  changes  to w ard s  t h e  p e r i p h e r y ,  t h e  i n c r e a s e  
i n  th e  a c c e s s i b i l i t y  o f  O kara and S a h iw a l  i s  n o t i c e a b l e .  T h e i r  changes  
i n d i c a t e  t h e  i n t e r c o n n e c t i v i t y  be tw een  th e  m a jo r  c e n t r e s .  I t  i s  a l s o  
e v id e n t  i n  t h e  c a se  o f  L a h o re ,  G u j r a t  and Dera Ghazi Khan w h ich , 
i n s p i t e  o f  t h e i r  p e r i p h e r a l  l o c a t i o n ,  a r e  i n c l u d e d  i n  t h e  second  
h i g h e s t  zone o f  a c c e s s i b i l i t y .
The p a t t e r n  o f  a c c e s s i b i l i t y  o b t a i n e d  th ro u g h  th e  d i s t a n c e  m a t r ix  
i s  q u i t e  d i f f e r e n t  from  t h o s e  o f  t o p o l o g i c a l .  F ig u r e  5 .1 c  shows t h a t  
by i n c l u d i n g  t h e  a c t u a l  d i s t a n c e  a lo n g  th e  S h o r t e s t  P a t h ,  th e  zone o f  
h i g h e s t  a c c e s s i b i l i t y  h a s  s h i f t e d  to w ard s  th e  e a s t  and f o c u s e s  upon 
L y a l l p u r ,  L a h o re ,  S h e ik h u p u ra  and C h in io t  and t h e n  i t  d e c r e a s e s  to w a rd s  
n o r t h  and s o u t h .  The i n c r e a s e  i n  i n a c c e s s i b i l i t y  to w a rd s  t h e  s o u th  i s  
g r a d u a l  a s  com pared t o  n o r t h .  I t  seems t o  be due t o  a  c o m p a r a t iv e ly  
h ig h  c o n c e n t r a t i o n  o f  m a jo r  u rb a n  c e n t r e s  and th e  l o c a t i o n  o f  
H a f iz a b a d  on an i s o l a t e d  l i n k .  On th e  o t h e r  hand  th e  r e m o te n e s s  o f  th e  
'T h a i  D e s e r t ’ h a s  c a u se d  th e  zone o f  h ig h  i n a c c e s s i b i l i t y  i n c l u d i n g  th e  
whole  w e s t e r n  p a r t  o f  t h e  r e g i o n  from  R aw alp ind i  t o  Rahim Yar Khan, 
where no b i g  town i s  l o c a t e d .  I t  i s  e x p e c te d  t h a t  t h e  g e n e r a l  p a t t e r n  
o f  a c c e s s i b i l i t y  (a n d  p a r t i c u l a r l y  i n  t h i s  z o n e )  w i l l  be more c l e a r  i n  
th e  s u b s e q u e n t  p a r t  o f  t h e  a n a l y s i s ,  when th e  a c c e s s i b i l i t y  betw een 
s m a l l e r  s i z e  g ro u p s  o f  t h e  towns i s  m easu red .
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The p a t t e r n  o f  a c c e s s i b i l i t y  th ro u g h  ’ l i n k  c a p a c i t y 1 i n d i c a t e s  a 
s h i f t  o f  a c c e s s i b i l i t y  f u r t h e r  e a s t  a lo n g  th e  m ain  h ighw ays and 
i d e n t i f i e s  a  t r i a n g l e  o f  h ig h  a c c e s s i b i l i t y  (L a h o re ,  S h e ik h u p u ra  and 
G u jran w a la )  w hich c o u ld  be t r a v e l l e d  w i t h i n  t h r e e  h o u r s  by bus ( s e e  
F ig u re  5 , I d ) .  The i s o l i n e s  o f  d e c r e a s in g  a c c e s s i b i l i t y  t h e n  g r a d u a l ly  
move a lo n g  m ain  r o u t e s  c o n n e c t in g  th e  t h r e e  m a jo r  u r b a n  c e n t r e s  o f  
L y a l l p u r ,  R a w alp in d i  and M u ltan ,  t o  t h e  h i g h e s t  a c c e s s i b i l i t y  zone .
Among t h e s e  two H a f iz a b a d  and B urew ala  l o c a t e d  away from  th e  h ighw ays 
on low c a p a c i t y  l i n k s  have  low s c o r e s  and i n t e r r u p t  t h e  g r a d u a l  
d e c l i n e  o f  a c c e s s i b i l i t y .  The maps show a g e n e r a l  r e l a t i o n s h i p  betw een  
t r a f f i c  f lo w  and u rb a n  grow th  ( a s  p r e d i c t e d )  w here t h e  a r e a s  o f  heavy  
bus u sa g e  a r e  l o c a t e d  i n  t h e  d i s t r i c t s  o f  h ig h  d e n s i t y  and a r e  a l s o  
h ig h  i n  t h e  h i n t e r l a n d s  o f  main c i t i e s  p a r t i c u l a r l y  i n  t h e  d i s t r i c t s  
o f  L y a l l p u r ,  S ah iw a l  and L a h o re ,  a s  t h e s e  a r e  b l e s s e d  w i th  i r r i g a t i o n .
I t  i s  l i k e l y  t h a t  t h e  i n t e r  r e g i o n a l  f lo w  o f  p e o p le  and goods t h ro u g h o u t  
w i l l  a c c e l e r a t e  g r e a t l y ,  e n h a n c in g  t h e  economic a d v a n ta g e s  o f  t h e s e  
p ro m is in g  a r e a s .
On th e  b a s i s  o f  t h e  r e s u l t s  p r o v id e d  by v a r i o u s  m easu res  i t  i s  
p o s s i b l e  t o  o b t a i n  a f i n a l  p i c t u r e  o f  a c c e s s i b i l i t y  ( f o r  t h e  towns o f  
t h i s  s i z e  g ro u p )  r e f l e c t i n g  t h e i r  a v e ra g e  a c c e s s i b i l i t y  on t h e  b a s i s  
o f  r a i l ,  r o a d  ( n e t w o r k s ) ,  d i s t a n c e  and l i n k  c a p a c i t y .  A l l  t h e s e  
c e n t r e s  a r e  c l a s s i f i e d  i n t o  th e  q u a r t i l e s  a c c o r d in g  t o  t h e i r  a v e ra g e  
s c o r e s .
1 s t  Q u a r t i l e
L y a l l p u r ,  C h i n i o t ,  L ah o re ,  S h e ik h u p u ra ,  J h a n g ,  Sa rgodha
2nd Q u a r t i l e
G u j r a t ,  K am alia ,  M u lta n ,  O kara , Khanewal, G u jranw a la
3 rd  Q u a r t i l e
H a f iz a b a d ,  K a su r ,  S a h iw a l ,  Kamoke, R a w a lp in d i ,  Burewala
4 th  Q u a r t i l e
S i a l k o t ,  Wah C antonm ent, Jhe lum , Dera Ghazi Khan,
B ahaw alpur,  Rahim Yar Khan.
5 ,7  I n t e r  r e l a t i o n s h i p
A number o f  i n t e r e s t i n g  p o i n t s  emerge from  th e  s tu d y  o f  th e  
a c c e s s i b i l i t y ,  th e  i m p o r ta n t  a re  t h e  i n t e r  r e l a t i o n s h i p  o f  th e s e  
m a t r i c e s .
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A g e n e r a l  a s s o c i a t i o n  o f  a l l  t h e s e  f o u r  m a t r i c e s  i s  a s s e s s e d  th ro u g h  
K e n d a l l ’ s C o - e f f i c i e n t  o f  C oncordance  'W' (Y e a te s  1968) w hich  y i e l d s  
a c o r r e l a t i o n  o f  + 0 .4 2  w i th  a s i g n i f i c a n c e  l e v e l  o f  95 p e r  c e n t .
T h is  s u g g e s t s  t h a t  a l l  t h e  r a n k  o r d e r  o f  c e n t r e s  on one m a t r i x ,  i s  
s i m i l a r  t o  some e x t e n t  t o  t h a n  on t h e  o t h e r  m a t r i c e s .  The r a n k  
o r d e r  d i f f e r e n c e  b e tw een  t o p o l o g i c a l  and m e t r i c a t e d  m a t r i c e s  ( d i s t a n c e  
and t o p o l o g i c a l )  i s  i d e n t i f i e d  by S p e a rm a n 's  Rho o f  + .2 7 4  (80 p e r  
c e n t  s i g n i f i c a n t .  I t  s u g g e s t s  t h a t  though  th e  t o p o l o g i c a l  p a t t e r n  o f  
a c c e s s i b i l i t y  i s  s i m i l a r  t o  th e  p a t t e r n  by d i s t a n c e ,  b u t  s t i l l  t h e r e  
a re  a  number o f  r e s i d u a l s  w hich  n eed  t o  be i d e n t i f i e d .  G u jra n w a la ,  
Kamoke and S h e ik h u p u ra  a p p e a r  t o  be t h e  towns w i th  good a c c e s s i b i l i t y  
on d i s t a n c e  m a t r ix  ( s e e  F ig u re  5 ,1 c )  w h i le  t h e y  a r e  r a n k e d  low er  on 
th e  t o p o l o g i c a l  s c a l e  due t o  t h e i r  c e n t r a l  l o c a t i o n  i n  te rm s  o f  
d i s t a n c e  and a b sen c e  o f  d i r e c t  l i n k s  by r a i l  r e s p e c t i v e l y .  I n  such 
c a s e s  th e  a c t u a l  d i s t a n c e  a ls o n g  th e  s h o r t e s t  p a th  p r o v id e s  h i g h e r  
a c c e s s i b i l i t y  s c o r e s  th a n  th e  t o p o l o g i c a l ,  as  t h e r e  i s  a te n d e n c y  f o r  
c e n t r a l  l o c a t i o n s  t o  be t h e  m ost a c c e s s i b l e .
On th e  o t h e r  hand  M u lta n ,  Dera Ghazi Khan, R aw a lp in d i  and Wah 
Cantonment have  low s c o r e s  on d i s t a n c e  b u t  h ig h  on th e  t o p o l o g i c a l  
s c a l e .  I t  i s  b e c a u se  o f  t h e i r  p e r i p h e r a l  l o c a t i o n  a s  w e l l  as  th e  
ab sen ce  o f  m a jo r  u rb a n  c e n t r e s  i n  t h e  w e s t e r n  p a r t  ( o f  t h e  s tu d y  a r e a )  
w here o n ly  S a rgodha  e n jo y s  t o p o l o g i c a l  c e n t r a l i t y .  I t  shows t h a t  i n  
s p i t e  o f  t h e  d i s t a n c e  i n a c c e s s i b i l i t y  o f  t h e s e  p e r i p h e r a l  to w n s ,  
s t r u c t u r a l l y  th e y  a r e  w e l l  c o n n e c te d  w i th  each  o t h e r  and th e  r e s t  o f  
th e  sy s te m  as  a  w h o le ,
A h ig h  d e g re e  o f  c o r r e l a t i o n  be tw een  d i s t a n c e  and r o a d  ne tw ork  
a c c e s s i b i l i t y  compared w i th  t h a t  be tw een  d i s t a n c e  and r a i l  ne tw ork  
a c c e s s i b i l i t y  s u g g e s t s  t h a t  t h e s e  towns a r e  b e t t e r  c o n n e c te d  by r o a d s  
th a n  th e y  a r e  by r a i l w a y  as  t h e  s h o r t e s t  p a th  d i s t a n c e  a lo n g  th e  r o a d s  
i s  l e s s  t h a n  by r a i l w a y .  T h is  a p p e a r s  t o  s u g g e s t  t h a t  t h e  r o a d s  have  
p ro v id e d  b e t t e r  s h o r t  c u t s  be tw een th e  tow ns.
I n  s p i t e  o f  t h e  d i f f e r e n t  l o c a t i o n s  o f  t h e  m a jo r  c i t i e s  l i k e  L a h o re ,  
L y a l l p u r ,  M u ltan  and R a w a lp in d i ,  a l l  t h e s e  have  h i g h e r  s c o r e s  on r o a d  
n e tw o rk  m a t r i x  t h a n  t h e  r a i l  n e tw o rk .  S i m i l a r l y  a  h ig h  c o r r e l a t i o n  o f  
town s i z e  w i t h  r o a d  a c c e s s i b i l i t y  (+ .2 7 4 )  th a n  r a i l  a c c e s s i b i l i t y  
( + .0 7 )  c o n f i rm s  t h a t  i n t e r  c o n n e c t io n s  (by r o a d s )  o f  th e " to w n s  a l r e a d y
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s i t u a t e d  a lo n g  t h e  r a i l w a y  l i n e s  have  i n c r e a s e d  t h e  o v e r a l l  a c c e s s ­
i b i l i t y ,  A p o s i t i v e  c o r r e l a t i o n  o f  (+ .2 8 9 )  be tw een  p o p u l a t i o n  
grow th  (1 9 6 1 -7 1 )  and t h e  a c c e s s i b i l i t y  by ' l i n k  c a p a c i ty *  shows t h a t  
th e  towns o f  50 ,0 0 0  + c o n n e c te d  by h ig h  t r a f f i c  f lo w  l i n k s  had  a 
h ig h  g row th  r a t e  d u r in g  1961-71 w h i le  on th e  o t h e r  hand  a low 
c o r r e l a t i o n  ( 0 .0 9 4 )  o f  grow th  w i th  s i z e  i n d i c a t e s  t h a t  g row th  r a t e  
i s  h ig h  i n  th e  towns i r r e s p e c t i v e  o f  s i z e .  T h is  r e l a t i o n s h i p  
a p p e a r s  t o  s u g g e s t  t h a t  th e  r e c e n t  deve lopm ent i n  t h e  t r a n s p o r t  and
a c c e s s i b i l i t y  i s  more e f f e c t i v e  i n  t h e  growth and e x p a n s io n  o f  new
*
towns t h a n  th e  o l d  ( p r e  1931) . Kamoke one o f  t h e  new towns
r a n k s  h i g h e s t  on b o th  g row th  r a t e  and m e t r i c a t e d  a c c e s s i b i l i t y  s c a l e  
b u t  i s  l o w e s t  on p o p u l a t i o n  s i z e .  A h i g h e r  c o r r e l a t i o n  o f  d i s t a n c e  
( a c c )  w i th  r o a d  acc, ( + .2 7 6 )  t h a n  w i th  r a i l  acc ,  ( + .1 5 7 )  s u g g e s t s  a 
r o a d ' s  ' s h o r t  c i r c u i t i n g *  th e  r a i l w a y  w hich was more e f f e c t i v e  i n  u r b a n  
g ro w th .  I t  i s  a l s o  e v i d e n t  from  a n e g a t i v e  s i g n i f i c a n t  a s s o c i a t i o n  
be tw een  f lo w  and r a i l  a c c e s s i b i l i t y  ( - . 2 6 0 )  s u g g e s t i n g  t h a t ( i n a c c e s i b l e  
.by r a i l  > 1 have  become a c c e s s i b l e  b y / t r a f f i c  f lo w .  I t  r e f l e c t s  
t h e  f a c t  t h a t  s m a l l e r  towns which l i e  a lo n g  th e  r o u t e s  l e a d i n g  t o  th e  
b i g g e s t  c i t i e s  have  a l s o  a h ig h  a c c e s s i b i l i t y  as  th e y  a r e  c o n v e n ie n t l y  
s i t u a t e d .  The same i s  a l s o  t r u e  f o r  p l a c e s  l y i n g  a lo n g  th e  main 
r a i l w a y  l i n e s  w i th  a  b i g  number o f  e x p re s s  t r a i n s  r u n n in g .
A s i g n i f i c a n t  c o r r e l a t i o n  be tw een  d i s t a n c e  a c c e s s i b i l i t y  and 
a c c e s s i b i l i t y  by l i n k  c a p a c i t y  ( + .5 7 8 )  shows t h a t  t h e  towns w hich a r e  
more c e n t r a l l y  l o c a t e d  w i th  a  r e l a t i v e l y  n e a r e r  p o s i t i o n  t o  a l l  o t h e r s ,  
a r e  a l s o  w e l l  p l a c e d  i n  te rm s  o f  minimum l i n k  c a p a c i t y .  I n  o t h e r  words 
th e  towns w i t h  n e a r e r  l o c a t i o n  i n  te rm s  o f  d i s t a n c e  a r e  a l s o  l o c a t e d  
on th e  l i n k s  o f  h ig h  bus f lo w .  I t  a l s o  r e f l e c t s  t h e  im p o r ta n t  r o l e  o f  
d i s t a n c e  i n  c h a n g in g  th e  a c c e s s i b i l i t y .
A l l  t h i s  d i s c u s s i o n  i d e n t i f i e s  t h e  im p o r ta n c e  o f  r o a d  a c c e s s i b i l i t y  
i n  c h a n g in g  t h e  m ajo r  u r b a n  c e n t r e s ,  which a r e  c o n c e n t r a t e d  i n  t h e  
e a s t e r n  p a r t  o f  t h e  r e g i o n .  As m ost o f  t h e  new u r b a n  c e n t r e s  a r e  i n  
t h e  s m a l l  s i z e  g ro u p ,  t h e r e f o r e  t h e  s c a l e  o f  t h e  a n a l y s i s  s h i f t s  t o  t h e  
low er  s i z e  to w ns , .to  e x p lo r e  th e  r e l a t i o n s h i p  i n  d e t a i l -
I t  i s  a l s o  e v i d e n t  from  a m ino r  e f f e c t  o f  s i z e  ( 0 .2 8 0 )  which 
c o n t r o l l e d  p a r t i a l l y .
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5 ,8  Towns w i t h  p o p u l a t i o n  2 0 ,0 0 0  +
a .  R a i l  Network
With t h e  e x c e p t io n  o f  Daska, J a l a l p u r  and Bhai P h e ru ,  a l l  t h e  
towns i n  t h i s  s i z e  g roup  a r e  c o n n e c te d  w i th  t h e  r a i l w a y  sy s te m .
T h is  c l a s s  i n c l u d e s  a  t o t a l  o f  62 towns and e x c e p t  f o r  Dera Ghazi Khan 
(w hich  was c o n n e c te d  l a t e r  o n ) ,  a l l  t h e s e  towns have  been  l o c a t e d  on 
th e  r a i l w a y  sy s tem  s in c e  1931, by w hich  t im e  93 p e r  c e n t  r o u t e  l e n g t h  
had  been  c o m p le te d .  However, th e  r o a d  n e tw ork  h a s  d e v e lo p e d  s u b s t a n ­
t i a l l y  s i n c e  1931 . The s u b s e q u e n t  a n a l y s i s  n o t  o n ly  m ea su res  th e  
p r e s e n t  day  c o m p a ra t iv e  a c c e s s i b i l i t y  o f  t h e s e  c e n t r e s  t o  t h e  r o a d  and 
r a i l  n e tw o rk s  b u t  a l s o  i n d i c a t e s  t h e  changes  i n  r e l a t i v e  a c c e s s i b i l i t y  
o f  th e  towns b ro u g h t  a b o u t  by th e  deve lopm en t o f  t h e  r o a d  n e tw o rk .
U sing  th e  'S h im b e l  i n d e x '  th e  v a lu e s  f o r  62 c e n t r e s  have  been 
o b t a i n e d  and a r e  r a n k e d  i n  o r d e r .  Sa rgodha  th e  m ost a c c e s s i b l e  among 
*B' c l a s s  towns c o n t i n u e s  t o  m a i n t a i n  i t s  h i g h e s t  p o s i t i o n  i n  a c c e s s ­
i b i l i t y  among t h e s e  towns as w e l l .  S i m i l a r l y ,  Khanewal, L y a l lp u r  and 
C h i n i o t  a r e  a l s o  i n c l u d e d  among t h e  to p  t e n  u r b a n  c e n t r e s .  Among t h e  
new ly  i n c l u d e d  towns S h o r k o t ,  J h a n g ,  Khushab, B hera  and S h e ik h u p u ra  
have  h ig h  s c o r e s .  As a l l  o f  t h e s e  a r e  l o c a t e d  i n  t h e  c e n t r a l  a g r i ­
c u l t u r a l  r e g i o n  o f  t h e  P a n ja b ;  t h e  c o m p le t io n  o f  t h e  r a i l w a y  ne tw o rk  
i n  1931 , s t r e n g t h e n e d  t h e  f o c u s in g  o f  th e  r a i l w a y  n e tw o rk  on Sargodha  
and L y a l l p u r .  T h is  i s  shown even  more c l e a r l y  when towns o f  20 ,0 0 0  
t o  5 0 ,000  ( p o p u l a t i o n )  a r e  i n c l u d e d  i n  t h e  a n a l y s i s .
F ig u re  5 .2  shows t h e  o v e r a l l  t o p o l o g i c a l  p a t t e r n  o f  a c c e s s i b i l i t y  
i n  t h e  r e g i o n .  I t  i l l u s t r a t e s  t h e  b e l t  o f  h ig h  a c c e s s i b i l i t y  i n  th e  
c e n t r e  o f  t h e  r e g i o n  w hich  s t r e t c h e s  i n  a na rrow  shape  from  Bahawalpur 
i n  t h e  s o u th  becoming w id e r  to w a rd s  t h e  n o r th  w i th  an e x te n d e d  s t r i p  
t o  th e  e a s t .  The b e l t  c o v e rs  m ost o f  th e  main towns l y i n g  i n  th e  
a g r i c u l t u r a l  r e g i o n  be tw een  th e  r i v e r s  Jhe lum  and R a v i .  The s lo p e  o f  
d e c r e a s in g  a c c e s s i b i l i t y  su d d e n ly  s t e e p e n s  to w a rd s  t h e  n o r t h  and s o u th ,  
w h i l e  t h e  p a t t e r n  i s  v e r y  g r a d u a l  to w a rd s  t h e  e a s t  and w e s t ,  p a r t i c u l a r l y  
t h e  n o r t h  e a s t  w here  a minimum number o f  towns a r e  l o c a t e d  a lo n g  t h e  
m ain r a i l w a y  l i n e .  The m oun ta in s  i n  th e  n o r th  a c c o u n t  f o r  t h e  sudden  
d e c r e a s e  i n  a c c e s s i b i l i t y .  I n  th e  so u th  B ahaw alpur i s  t h e  fo c u s  o f  t h e  
su b -n e tw o rk  and t h e r e  i s  no  d i r e c t  c o n n e c t io n  b e tw een  s o u th  e a s t  and
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c e n t r a l  r e g i o n .  T h is  a c c o u n t s  f o r  t h e  s t e e p  d e c l i n e  i n  a c c e s s i b i l i t y  
from  th e  c e n t r e  t o  t h e  s o u th  e a s t ,  d e s p i t e  th e  f a c t  t h a t  Bahawalpur 
i t s e l f  h a s  r e l a t i v e l y  h ig h  a c c e s s i b i l i t y  f o r  i t s  p e r i p h e r a l  p o s i t i o n .
I n  t h i s  s i t u a t i o n  t h e r e  i s  no chance  o f  h ig h  s c o r e s  on t h e  s h o r t e s t  
p a th  a c c e s s i b i l i t y  f o r  th e  towns l o c a t e d  t o  th e  s o u th  o f  B ahaw alpur, 
as  a l l  o f  t h e s e  a r e  c o n n e c te d  w i th  th e  c e n t r e ,  th ro u g h  B ahaw alpur.  
A n o th e r  r e a s o n  f o r  low a c c e s s i b i l i t y  o f  t h e s e  n o r t h e r n  and s o u th e r n  
towns i s  t h e i r  l o c a t i o n  n e a r  t h e  b o r d e r  o f  th e  P r o v in c e  where t h e s e  
a r e  s t r o n g l y  o r i e n t e d  t o  p l a c e s  o u t s i d e  t h e  r e g i o n .  T h i s  s i t u a t i o n  
i s  more s i g n i f i c a n t  i n  t h e  n o r t h e r n  towns o f  th e  r e g i o n  (w hich  a re  
w e l l  c o n n e c te d  t o  t h e  towns o f  t h e  N orth  West F r o n t i e r  P r o v in c e )  th a n  
t h e  s o u th  w h i l e  th e  e a s t e r n  towns a r e  n o t  a f f e c t e d  a t  a l l .
The p a t t e r n  o f  c o n to u r s  a l s o  shows t h a t  even i n  t h e  c e n t r a l  r e g i o n  
a c c e s s i b i l i t y  i s  n o t  u n i fo r m .  I t  i s  s t e e p e s t  i n  t h e  w e s t  and g r a d u a l l y  
d e c r e a s e s  to w a rd s  t h e  e a s t .  The r e a s o n  l i e s  i n  t h e  e x p a n s io n  o f  t h e  
n e tw o rk  i n  t h e  e a s t ,  where  t h e  im p o r ta n t  and o ld  c i t y  o f  L ahore  i s  
l o c a t e d ,  w h i l e  i n  th e  w e s t  th e  backward a r e a  l i k e  t h e  ’T ha i  d e s e r t*  
r e m a in s  r e l a t i v e l y  u n d e v e lo p e d .  A n o th e r  i n t e r e s t i n g  c o n t r a s t  i n  th e  
s lo p e  o f  d e c r e a s i n g  a c c e s s i b i l i t y  i s  v i s i b l e  i n  t h e  s o u th  e a s t ,  w here 
on one hand  t h e  towns o f  V e h a r i  and B urew ala ,  th ough  l o c a t e d  n e a r  t h e  
c e n t r e  o f  t h e  r e g i o n ,  a r e  l e s s  a c c e s s i b l e  th a n  t h e  c o m p a r a t iv e ly  
d i s t a n t  town o f  C h i s h t i a n  w hich h a s  e a sy  a c c e s s  on one s h o r t e s t  p a th  
( th r o u g h  B a h a w a lp u r) .
b .  Road a c c e s s i b i l i t y
The s p e c i f i c  p rob lem  posed  h e r e  i s  t h a t  o f  m e a s u r in g  th e  a c c e s s ­
i b i l i t y  o f  th e  same p l a c e s  as th o s e  m easured  on th e  r a i l w a y  ne tw ork  
i n  te rm s  o f  t h e i r  a c c e s s i b i l i t y  by r o a d .  On th e  b a s i s  o f  th e  d i f f e r e n c e  
betw een  th e  two m easu res  i t  c an  be h y p o t h e s i s e d  t h a t  th e  e v o l u t i o n  
o f  t h e  t r a n s p o r t  ne tw ork  would r e s u l t  i n  an u n e q u a l  i n c r e a s e  i n  th e  
a c c e s s i b i l i t y  o f  i n d i v i d u a l  p l a c e s  th ro u g h  t im e .  I t  w ould  a l s o  be 
e x p e c te d  t h a t  t h e  o v e r l a p p in g  o f  r o a d  ne tw ork  on t h e  a l r e a d y  
e x i s t i n g  r a i l  n e t ,  w ould i n c r e a s e  t h e  a c c e s s i b i l i t y  o f  o l d  towns and 
c r e a t e  new i n t e r s e c t i o n s  i n  t h e  r e g i o n  which would  have  th e  e f f e c t  o f
B ecause o f  m idd le  l o c a t i o n  on r a i l w a y  l i n e
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i n t r o d u c i n g  new p l a c e s  w i th  s t r a t e g i c  l o c a t i o n s  i n  t h e  economy and 
c h a n g in g  th e  r e l a t i v e  im p o r ta n c e  o f  l o c a t i o n s  o f  th e  p l a c e s  which 
ha d  a l r e a d y  been  d e v e lo p e d .
F o l lo w in g  a s i m i l a r  p r o c e d u r e ,  th e  r e l a t i v e  a c c e s s i b i l i t y  h a s  been 
o b t a i n e d  th ro u g h  t h e  m a t r ix  and th e  towns a r e  r a n k e d  a c c o r d in g  t o  
t h e i r  s c o r e s  on t h i s  s c a l e  ( s e e  T ab le  5 , 4 ) ,  For  t h e  u n d e r s t a n d in g  o f  
th e  v a r i a t i o n  i n  a c c e s s i b i l i t i e s  o f  t h e  tow ns, a  h i s to g r a m  o f  
A s s o c ia t e d  Numbers h a s  been  p r e s e n t e d  as  w e l l .
F ig u re  6 ,1 a  shows th e  v a r i a t i o n  i n  th e  t o p o l o g i c a l  d i s t a n c e s  
from  one v e r t e x  t o  each  o f  t h e  o t h e r  v e r t i c e s .  One f o u r t h  o f  th e  
v e r t i c e s  have  h i g h e r  A s s o c ia t e d  Numbers (AN) t h a n  th e  a v e r a g e ,  w h i le  
t h e r e  a r e  o n ly  t h r e e  w i th  th e  maximum v a lu e  ( 9 ) ,  I t  shows t h a t  th e  
p r o p o r t i o n  o f  th e  l e a s t  c o n n e c te d  and p e r i p h e r a l l y  l o c a t e d  u rb a n  
c e n t r e s  i s  c o m p a r a t iv e ly  low. Most o f  t h e  towns have  th e  maximum 
number o f  l i n k s  n e c e s s a r y  t o  be i n t e r c o n n e c t e d  -  i n  t h i s  c a s e ,  s e v e n .  
Four p l a c e s ,  J h a n g ,  C h i n i o t ,  L y a l lp u r  and G o jra  have  th e  lo w e s t  
s h o r t e s t  p a th  d i s t a n c e  and a r e  a b le  t o  r e a c h  o t h e r  p l a c e s  o f  th e  
sy s te m  w i th  t h e  l e a s t  number o f  l i n k s  w h i le  J a l a l p u r ,  Lalam usa and 
H arunabad  r e q u i r e  t h e  maximum number o f  s t e p s  t o  a c h ie v e  th e  same 
c o n t a c t .
A lthough  th e  d e t a i l e d  p a t t e r n  o f  n o d a l  a c c e s s i b i l i t y  i s  d i f f e r e n t  
from  t h a t  o b t a i n e d  th ro u g h  A s s o c ia t e d  Numbers (AN), t h e  c o re  o f  
a c c e s s i b i l i t y  i s  s i m i l a r .  The f e a t u r e s  i l l u s t r a t e d  by t h e  maps show 
th e  c i r c u l a r  n a t u r e  o f  t h e  i s o p l e t h  ( a  f e a t u r e  t h a t  can  be e x p e c te d  
from  t h i s  ty p e  o f  p a r a m e t e r ) .  A d i f f e r e n t  p a t t e r n  w i l l  emerge a t  
d i f f e r e n t  l e v e l s  o f  a n a l y s i s .  C i t i e s  a t  each  l e v e l  a r e  t h e  f o c i  o f  
d i f f e r e n t  numbers o f  r o u t e s  i n  v a r i o u s  r e g i o n a l  and s u b - r e g i o n a l  
c l u s t e r s  o f  to w ns . The im p o r ta n c e  o f  such p l a c e s  i n  te rm s  o f  t h e i r  
a c c e s s i b i l i t y  c o u ld  be i d e n t i f i e d  more c l e a r l y  a t  s u b - r e g i o n a l  l e v e l  
a n a l y s i s .  T h is  w i l l  be d i s c u s s e d  i n  d e t a i l  i n  C h a p te r  6 .
D i s ta n c e  i n  t h i s  c o n te x t  i s  th e  number o f  i n t e r v e n i n g  edges 
be tw een  two v e r t i c e s  m easu red  a lo n g  t h e  s h o r t e s t  p a th  r e g a r d l e s s  
o f  th e  a c t u a l  m ile a g e  i n v o lv e d .
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c. Time Accessibility
There  a r e  a  number o f  p o s s i b l e  ways i n  which th e  q u a l i t y  o f  l i n k s  
c o u ld  be m e a su re d .  D i s t a n c e ,  f lo w ,  c o s t  and t im e  a r e  such  m easu res  
w hich  c o u ld  t h e o r e t i c a l l y  be s t u d i e d .  None i n v o lv e s  change i n  th e  
b a s i c  s t r u c t u r a l  r e l a t i o n s h i p s ,  b u t  d a t a  a re  n o t  r e a d i l y  a v a i l a b l e  
f o r  a l l  such  p o s s i b l e  m e a s u r e s .  I n  t h i s  s e c t i o n  ' t im e  a c c e s s i b i l i t y '  
i s  d i s c u s s e d  a s  one i l l u s t r a t i o n  o f  th e  changes t o  t h e  t o p o l o g i c a l  
i n d i c e s  o f  a c c e s s i b i l i t y .  I t  i s  b a sed  on tim e u n i t s  a lo n g  t h e  
s h o r t e s t  p a th  i n  r e s p e c t  o f  t im e  e i t h e r  by r a i l  o r  r o a d .  To some 
e x t e n t  t im e  r e f l e c t s  d i s t a n c e  and th e  d i f f i c u l t y  o f  movement a s  w e l l .
On th e  b a s i s  o f  s c o r e ,  t h e  towns a r e  r a n k e d  i n  o r d e r  and f o r  compar­
i s o n  th e  s u r f a c e  o f  a c c e s s i b i l i t y  h a s  been  e x p la i n e d  on th e  map ( s e e  
F ig u re  5 . 3 ) .
Looking a t  t h e  a c c e s s i b i l i t y  o f  i n d i v i d u a l  c e n t r e s ,  L y a l lp u r  
a p p e a r s  as t h e  m ost c o n n e c te d  c e n t r e  w i th  maximum r o u t e s  r a d i a t i n g  
from  i t  t o  d i f f e r e n t  p a r t s  o f  t h e  r e g i o n  from  w here one c an  r e a c h  i t  
more q u i c k ly  and e f f i c i e n t l y .  I t  i s  f o l lo w e d  by th e  c e n t r e s  o f  
S a rg o d h a  and Jh a n g  on b o th  t o p o l o g i c a l  and t im e  a c c e s s i b i l i t y  s c a l e s .
As com pared t o  t h e s e  t h r e e  c e n t r e s  ( l o c a t e d  i n  th e  c e n t r e  on main r o a d s )  
t h e  a c c e s s i b i l i t y  o f  t h e  m ajo r  c i t y  o f  Lahore i s  s i g n i f i c a n t l y  low on 
t o p o l o g i c a l  m a t r i c e s  b e c au se  o f  i t s  p e r i p h e r a l  l o c a t i o n  b u t  i n t e r e s t ­
i n g l y  due t o  i t s  h i g h e s t  a d m i n i s t r a t i v e ,  i n d u s t r i a l  and u rb a n  s t a t u s  
i t  i s  w e l l  c o n n e c te d  t o  th e  r e g i o n  by an e f f i c i e n t  t r a n s p o r t  sys tem  
w hich  r a n k s  i t  h ig h  on ' t im e  a c c e s s i b i l i t y '  s c a l e ,
C h in io t ,w h ic h  compared w i t h  L y a l lp u r  and S a rg o d h a  i s  a sm a l l
tow n, a l s o  a p p e a r s  a s  one o f  t h e  m ost a c c e s s i b l e  towns o f  th e  r e g i o n .  
T h is  i s  b e c a u se  o f  th e  r a d i a t i o n  o f  a number o f  r o u t e s  and i t s  l o c a t i o n  
a t  a  b r i d g i n g  p o i n t  ( s e e  F ig u re  2 , 3 ) ,  w here t h r e e  i m p o r ta n t  r e g i o n a l  
c e n t r e s  a r e  c o n n e c te d .  I t s  l o c a t i o n  p u t s  i t  h ig h  i n  b o th  t o p o l o g i c a l  
and t im e  a c c e s s i b i l i t i e s  s c a l e s .  The h ig h  a c c e s s i b i l i t y  i n  th e  c e n t r a l  
zone i s  s e e n  even  more c l e a r l y  i n  t h e  s u r r o u n d in g  tow ns o f  O kara , 
S a h iw a l ,  G o j r a ,  J a r a n w a l a ,  S h e ik h u p u ra ,  S h o rk o t  and Khushab , w hich a r e  
a l s o  w e l l  c o n n e c te d  t o  th e  r e s t  o f  t h e  n e tw o rk ,  e i t h e r  d i r e c t l y  o r
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th ro u g h  th e  c e n t r a l  zone o f  h ig h  a c c e s s i b i l i t y .  Among t h e s e  th e  
towns o f  L y a l lp u r  and S a h iw a l  d i s t r i c t s  ( J a r a n w a la ,  Toba T e k s in g h ,  
K a m a lia ,  G o j r a ,  S a h iw a l ,  O kara  and C h ic h a w a tn i )  a r e  r a n k e d  h i g h e r  
a lo n g  th e  ’ t im e  a c c e s s i b i l i t y '  s c a l e  t h a n  th e  t o p o l o g i c a l  s c a l e .
T h is  r e f l e c t s  t h e i r  c e n t r a l  l o c a t i o n  a lo n g  th e  m ain  e f f i c i e n t  and 
f r e q u e n t  t r a n s p o r t  r o u t e s  w hich  c o n n e c t  t h e s e  p l a c e s  t o  th e  r e s t  o f  
t h e  c e n t r e s  w i th  a  minimum d e to u r  o f  d i s t a n c e s .  S e c o n d ly  m ost o f  
t h e s e  p l a c e s  a r e  s u r ro u n d e d  by a number o f  s m a l l  towns i n  th e  a g r i ­
c u l t u r a l  p l a i n  r e g i o n  w hich  h av e  d i r e c t  c o n n e c t io n s  ( w i th  t h e s e  p l a c e s ) .  
These l i n k s  p r o v id e  a maximum number o f  a l t e r n a t i v e  r o u t e s  w i th  
maximum d i s t a n c e  and t im e  a lo n g  th e  s h o r t e s t  p a t h .  On th e  o t h e r  hand  
th e  towns o f  Khushab , M itha  Tiwana and S h o rk o t  have  t o p o l o g i c a l l y  
h i g h e r  a c c e s s i b i l i t y  r a n k s  t h a n  on t im e .  T h is  seems due t o  t h e i r  
l o c a t i o n  i n  c o m p a r a t iv e ly  rem o te  a r e a s  where t h e  v e r t i c e s  a r e  l o c a t e d  
a p a r t  and a r e  c o n n e c te d  by l e s s  e f f i c i e n t  r o u t e s .  S h e ik h u p u ra  l o c a t e d  
a lo n g  m ain  and f r e q u e n t  r o u t e s  h a s  e q u a l  s c o r e s  on b o th  s c a l e s  b u t  b e in g  
a r a i l w a y  j u n c t i o n  i t  h o l d s  c o m p a r a t iv e ly  h i g h e r  r a n k  i n  r a i l w a y  
a c c e s s i b i l i t y .  A l l  t h i s  a p p e a r s  t o  s u g g e s t  t h a t  t h e  n a t u r e  o f  th e  
r e g i o n  h a s  a l s o  a f f e c t e d  th e  a c c e s s i b i l i t y .  A l th o u g h  th e  d e g re e  o f  
a c c e s s i b i l i t y  i s  low i n  t h e  p e r i p h e r a l  c e n t r e s  o f  R a w a lp in d i ,  Jh e lum , 
G u j r a t ,  S i a l k o t ,  M ultan  and B ahaw alpur,  y e t  t h e s e  have  o r i g i n a t e d  a 
number o f  r o u t e s .  Because o f  t h e i r  h ig h  s c o r e s  on ' l i n k  c a p a c i t y '  
m a t r i x  (b e tw e e n  m a jo r  c e n t r e s  o n l y ) ,  t h e i r  h ig h  s c o r e s  on a c c e s s i b i l i t y  
can  be p r e d i c t e d  i n  th e  s u b - r e g i o n a l  n e tw o rk s  ( D i v i s i o n  and d i s t r i c t  
l e v e l  and a r e  m easu red  i n  t h e  n e x t  C h a p t e r ) .  A s i m i l a r  p r e d i c t i o n  can  
be made i n  te rm s  o f  b o r d e r  towns l i k e  Cam pbelpur, S a d iq  Abad e t c . ,  which 
a r e  w e l l  c o n n e c te d  t o  th e  s m a l l e r  n e ig h b o u r in g  towns as  w e l l  a s  w i th  th e  
towns o u t s i d e  t h e  r e g i o n .
A l a r g e  number o f  towns show poor a c c e s s i b i l i t y  on a l l  t h e  i n d i c e s  
and g rouped  as  rem o te  towns a s  o n ly  a . f e w  r o u t e s  r a d i a t e  from  t h e s e .
The b e s t  exam ples  a r e  Daud K h e l ,  S h a k a rg a rh ,  K e h ro r ,  Ahmad Pur E a s t ,  
and H a ru n ab ad .  K a su r ,  b e in g  a n e ig h b o u r  o f  L a h o re ,  e n jo y s  h ig h  
a c c e s s i b i l i t y  on t im e  m a t r ix  b u t  low t o p o l o g i c a l  • a c c e s s i b i l i t y  i s  due 
t o  i t s  a d v e rs e  l o c a t i o n .
T h is  g e n e r a l  d i s c u s s i o n  s u g g e s t s  t h a t  a  h ig h  d e g re e  o f  a c c e s s i b i l i t y  
on a l l  t h r e e  m a t r i c e s  i s  s h a r e d  by c e n t r a l  l a r g e  tow ns on main r o u t e s ,  
w h i l e  o n ly  a s m a l l  p r o p o r t i o n  goes t o  p e r i p h e r a l  tow ns .
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5.9 Areal Distribution of Accessibility
The s e r i e s  o f  maps ( s e e  F ig u re s  5 . 2 ,  5 .3 )  shows th e  r e l a t i v e  
a c c e s s i b i l i t y  o f  th e  towns ( 2 0 ,0 0 0  +) by t o p o l o g i c a l  ( r a i l  and r o a d )  
and m e t r i c a t e d  ( t i m e )  a c c e s s i b i l i t y .  The g e n e r a l  p a t t e r n  r e a c h e s  a 
h ig h  l e v e l  i n  a  b ro a d  b e l t  be tw een S a rg o d h a ,  L y a l lp u r  and Jh a n g  and 
a t t a i n s  i t s  maximum a round  L y a l lp u r .  The zone o f  h ig h  a c c e s s i b i l i t y  
e x te n d s  w e s t  t o  e a s t ,  n e a r l y  c o in c i d in g  w i th  t h e  a g r i c u l t u r a l  b e l t .  
T h is  i n c l u d e s  t h e  C ana l Colony d i s t r i c t s .  The n o r t h - s o u t h  a x i s  o f  
h ig h  a c c e s s i b i l i t y  c l e a r l y  i n d i c a t e s  t h e  u n i f o r m i t y  o f  r a i l w a y  l i n e s  
and m ajo r  r o a d s  ru n n in g  a lo m s t  a lo n g  t h e  r i v e r s ,  th ro u g h  t h e  a g r i ­
c u l t u r a l  b e l t .  The d e c r e a s e  to w ard s  t h e  p e r i p h e r y  i s  n o t  u n i fo r m ,  
as  a r e s u l t  o f  v a r i o u s  f a c t o r s  such as  p h y s io g ra p h y  o r  t h e  e f f e c t ­
i v e n e s s  o f  i r r i g a t i o n .
The v a r i a t i o n s  i n  t h e  p a t t e r n  o f  o v e r a l l  a c c e s s i b i l i t y  r e f l e c t  
a r e a l  d i f f e r e n c e s  i n  p o p u l a t i o n ,  s e t t l e m e n t s ,  econom ic a c t i v i t i e s ,  
movement o f  p e o p le  and goods betw een th e  r e g i o n s .  I n  r e g i o n s  l i k e  
t h e  P a n ja b ,  w here r o a d s  a re  c o m p a r a t iv e ly  more im p o r t a n t  t h a n  th e  
r a i l w a y ,  a c c e s s i b i l i t y  a l s o  p r o v id e s  a  u s e f u l  i n d i c a t i o n  o f  t h e  tempo 
o f  human a c t i v i t i e s  i n  t h e  a r e a s  s e rv e d  by ro a d  t r a n s p o r t .
I n  t h i s  s e c t i o n  th e  l e v e l  o f  a c c e s s i b i l i t y  o f  i n d i v i d u a l  c e n t r e s  
w i l l  be com pared w i t h i n  t h e  r e g i o n  and a t t e m p ts  w i l l  be made to  
u n d e r s t a n d  th e  c a u s e s  o f  th e  d i f f e r e n c e s  t h a t  e x i s t .  F i n a l l y ,  a 
number o f  g e n e r a l i z a t i o n s  w i l l  be f o rm u la te d  a b o u t  t h e  f a c t o r s  
a f f e c t i n g  t h e  p a t t e r n  o f  a c c e s s i b i l i t y  i n  t h e  r e g i o n .
F ig u r e s  5 .2  and 5 .3  g iv e  an a v e ra g e  im p r e s s io n  o f  b o th  t o p o l o g i c a l  
and non t o p o l o g i c a l  a c c e s s i b i l i t y .  Away from  th e  c e n t r a l  c o re  o f  h ig h  
a c c e s s i b i l i t y  t h e  f i g u r e s  show a s lo p e  o f  d e c r e a s i n g  a c c e s s i b i l i t y .
I n  t h e  n o r th  i t  shows a low l e v e l  o f  t r a n s p o r t a t i o n  and i n  th e  w e s t ,  
t h e  T h a i  d e s e r t  i s  a l s o  c h a r a c t e r i s e d  by low a c c e s s i b i l i t y .  A m ajo r  
peak  a round  L y a l lp u r  r e f l e c t s  th e  s i z e  and c e n t r a l  p o s i t i o n  o f  th e  
c i t y .  The peak  t h e n  e x te n d s  t o  th e  homogeneous r e g i o n s  o f  S ah iw a l  and 
S h e ik h u p u ra  w here  i n t e n s i t y  o f  fa rm in g  and s u r p l u s  a g r i c u l t u r a l  p r o ­
d u c t i o n  f a v o u r  h ig h  a c c e s s i b i l i t y ,  w h i l e  i n  t h e  s o u th  low r a i n f a l l  and 
p o p u l a t i o n  a r e  u n f a v o u r a b le  f a c t o r s .  The p r e s e n c e  o f  s i g n i f i c a n t  
i n d u s t r i a l  a c t i v i t i e s  i s  e v i d e n t  th ro u g h  a r i d g e  o f  h ig h  a c c e s s i b i l i t y
e x te n d in g  to w a rd s  S h e ik h u p u ra  and L a h o re ,  i n  s p i t e  o f  t h e i r  p e r i p h e r a l  
l o c a t i o n  to w a rd s  t h e  b o r d e r .
One o f  th e  m ost im p o r ta n t  f e a t u r e s  o f  t h e  a c c e s s i b i l i t y  i s  i t s  
s i m i l a r i t y  t o  t h e  d i s t r i b u t i o n  o f  p o p u l a t i o n  d e n s i t i e s .  The r e g i o n  
shows t h e  a s s o c i a t i o n  a c c o r d in g  t o  t h e  p a t t e r n  p r e d i c t e d  by K o la r s  and 
M alin  ( 1 9 7 0 ) ,  The d i s t r i c t s  w i th  a h ig h  d e n s i t y  o f  p o p u l a t i o n  l i e  
w i t h i n  t h e  c e n t r a l  c o re  o f  a c c e s s i b i l i t y  w h i le  th e  p e r i p h e r a l  d i s t r i c t s  
o f  Dera Ghazi Khan, B ahaw alpur and Campbelpur have  low d e n s i t i e s  o f  
p o p u l a t i o n .  S i m i l a r l y ,  t h e  r e g i o n s  w i th  h ig h  d e n s i t i e s  o f  u r b a n  popu­
l a t i o n  a r e  a lo n g  th e  c o n to u r s  o f  h ig h  a c c e s s i b i l i t y  w h i le  low d e n s i t i e s  
o f  u r b a n  p o p u l a t i o n  a r e  a lo n g  th e  c o n to u r s  o f  low a c c e s s i b i l i t y .
With t h e  a d d i t i o n  o f  t h e  ' t im e  a c c e s s i b i l i t y *  m e a s u re ,  a  m a jo r  
change i n  t h e  a c c e s s i b i l i t y  o f  towns a lo n g  th e  L a h o re -R a w a lp in d i  r o u t e  
i s  n o t i c e a b l e .  T h is  change r e f l e c t s  t h e  e f f i c i e n c y  o f  t r a n s p o r t  w hich 
i s  r e l a t e d  t o  v a r i o u s  f a c t o r s  l i k e  t h e  w id th  o f  r o a d s ,  u rb a n  c o n c e n t r a ­
t i o n ,  i n d u s t r i e s  and th e  l e v e l  o f  t e c h n o lo g y .  I n  u r b a n  a r e a s  t r a v e l  
o f  a l l  s o r t s ,  i n c l u d i n g  jo u rn e y s  t o  and from  w ork , i s  more common th a n  
i n  r u r a l  a r e a s .  A n o th e r  r e a s o n  f o r  change i n  a c c e s s i b i l i t y  i s  th e  
n a t u r e  o f  econom ic a c t i v i t y  i n  t h e  h i n t e r l a n d  o f  m a jo r  i n d u s t r i a l  and 
u r b a n  c e n t r e s ,  w here an i n c r e a s e  i n  l o c a l  t r a f f i c  accom pan ies  an 
i n c r e a s e  i n  th e  g e n e r a l  i n t e n s i t y  o f  human a c t i v i t y .  The c o r r e s p o n d e n c e  
b e tw een  a c c e s s i b i l i t y  i s o l i n e s  and r a i l  and r o a d  l i n k s  show an e q u a l  
l e v e l  o f  a c c e s s i b i l i t y  be tw een  th e  to w n s .  The s o u th w a rd  e x t e n s i o n  o f  
th e  r e g i o n  o f  h i g h  a c c e s s i b i l i t y  i s  a r e s u l t  o f  t h e  p r e s e n c e  o f  two 
r e l a t i v e l y  a c c e s s i b l e  towns -  Okara and K hanew al, These towns which 
w ere  c r e a t e d  by th e  r a i l w a y ,  had  t h e i r  a c c e s s i b i l i t y  enhanced  by th e  
deve lopm en t o f  t h e  r o a d  n e tw o rk .  Thus, w h i l e  t h e  g row th  o f  th e  r a i l  
n e tw o rk  was a v i t a l  f a c t o r  I n  th e  o r i g i n  and d e ve lopm en t o f  many towns 
i n  t h e  r e g i o n ,  i t  i s  t h e  e x p a n s io n  o f  t h e  r o a d  n e tw o rk  t h a t  has  
p ro d u ce d  a more r e c e n t  c o n t r i b u t i o n  i n  a c c e s s i b i l i t y .  T h is  a s p e c t  o f  
t h e  a n a l y s i s  w i l l  be c l e a r e r  a t  th e  s m a l l e r  s c a l e .
F i n a l l y ,  an u n d e r s t a n d in g  o f  t h e  l e v e l  o f  a c c e s s i b i l i t y  r e q u i r e s  
c o n s i d e r a t i o n s  o f  t h e  p o p u l a t i o n ,  i t s  d i s t r i b u t i o n ,  d e n s i t y  and o t h e r  
c h a r a c t e r i s t i c s ,  i n c l u d i n g  t h e  n a t u r e  o f  b a s i c  human a c t i v i t i e s  a lo n g  
w i th  t h e  l e v e l  o f  t e c h n o lo g y  and s t a n d a r d  o f  l i v i n g  i n  t h e  r e g i o n .
A p a r t  from  t h a t ,  t h e  p h y s io g ra p h y  and l e v e l  o f  u r b a n i z a t i o n  a l s o  d i r e c t l y
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affect the areal distribution of accessibility in the region.
5 .1 0  Changes i n  A c c e s s i b i l i t y  (1931-1971)
The c h a n g es  i n  t h e  a c c e s s i b i l i t y  o f  u rb a n  c e n t r e s  ( 2 0 ,0 0 0  +) 
th ro u g h  t im e  c an  be a s s e s s e d  w i th  t h e  h e l p  o f  r a i l  and r o a d  ne tw ork  
a n a l y s i s .  To compare t h e  changes  d i r e c t l y  be tw een  t h e  to w ns , t h e s e  
have  been  m easu red  by th e  f o l l o w in g  t h r e e  p r o c e d u r e s :
i  r a n k i n g  o f  u rb a n  c e n t r e s  
i i  c a l c u l a t i n g  t h e  p e r c e n ta g e  o f  a c c e s s i b i l i t y  
i i i  c a l c u l a t i n g  a r e l a t i v e  a c c e s s i b i l i t y  in d e x
The d i f f e r e n c e  be tw een  th e  mean A s s o c ia t e d  Number (MAN) f o r  th e
r o a d  n e tw o rk  ( 6 .8 9 )  and f o r  t h e  r a i l  n e tw o rk  ( 1 1 .0 )  s u g g e s t s  t h a t  r o a d
deve lopm en t h a s  i n c r e a s e d  t h e  a c c e s s i b i l i t y  o f  t h e  r e g i o n  by r e d u c in g
t h e  number o f  l i n k s  i n  t h e  s h o r t e s t  p a th s  be tw een  t h e  to w n s .  On th e
o t h e r  hand  a co m p ar iso n  o f  t h e  r a n k s  o f  towns i n  te rm s  o f  t h e i r  r a i l
and r o a d  a c c e s s i b i l i t y  s u g g e s t s  c o m p a r a t iv e ly  l i t t l e  change i n  t h e i r
r e l a t i v e  a c c e s s i b i l i t y  b ro u g h t  ab o u t  by th e  e x t e n s i o n  o f  t h e  r o a d
n e tw o rk .  (The c o r r e l a t i o n  c o - e f f i c i e n t  f o r  r a n k s  o f  towns on t h e  r a i l
a g a i n s t  r a n k s  on th e  r o a d  n e tw o rk  = 0 , 5 3 . )  However, when th e
*
a c c e s s i b i l i t y  o f  each  u r b a n  c e n t r e  i s  e x p re s s e d  a s  a  r a t i o  o f  th e  
c o r r e s p o n d in g  v a l u e s  o f  t h e  r a i l  and r o a d  n e tw o rk s ,  c e r t a i n  t r e n d s  
become a p p a r e n t .  The h i e r a r c h y  e s t a b l i s h e d  by t h e s e  r a t i o s  i s  u se d  
t o  i d e n t i f y  t h e  changed  g e n e r a l  p a t t e r n  o f  a c c e s s i b i l i t y ,  w h i l e  th e  
r a n k s  b a s e d  on p e r c e n ta g e  v a l u e s  o f  b o th  r a i l  and r o a d  n e tw o rk s  a re  
compared a s  r e s i d u a l s  t o  a s s e s s  t h e  change f o r  i n d i v i d u a l  c e n t r e s .
The map ( s e e  F ig u re  5 . 4 )  shows th e  changes  i n  t h e  s u r f a c e  o f  
a c c e s s i b i l i t y .  The r e g i o n  h a s  been  d iv id e d  i n t o  s i x  p a r t s ,  where  a 
l i n e  o f  e q u a l  r a t i o  ( 1 . 0 0 ) q u i c k ly  d i s t i n g u i s h e s  be tw een  ' g a i n '  and
The a c c e s s i b i l i t y  o f  u rb a n  c e n t r e s  t o  th e  r o a d  and r a i l  ne tw o rk  
was c a l c u l a t e d  by c o n v e r t i n g  t h e  a c c e s s i b i l i t y  i n d e x  (A i)  f o r  
i n d i v i d u a l  towns t o  a p e r c e n ta g e  o f  t h e  a c c e s s i b i l i t y  o f  t h e  ne tw o rk  
as  a w h o le .  I n  o r d e r  t o  e x p r e s s  h ig h  a c c e s s i b i l i t y  on a  h ig h  
p o s i t i v e  f i g u r e ,  t h e  a c c e s s i b i l i t y  p e r c e n ta g e  f o r  each  town was su b ­
t r a c t e d  from  1 0 0 . T h is  gave i n d i c e s  f o r  each  town on t h e  r a i l  and 
r o a d  n e tw o rk s ,  w hich  a l lo w e d  t h e i r  d i r e c t  c o m p a r is o n .
FIGURE 5 4
CHANGES IN NODAL ACCESSIBILITY OF TOWNS
1931-1971
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' l o s s *  ( p o s i t i v e  and n e g a t i v e  changes r e s p e c t i v e l y )  i n  t h e  a c c e s s ­
i b i l i t y  w hich  o c c u r r e d  a f t e r  r o a d  e x t e n s i o n .  The a r e a s  o f  p o s i t i v e  
change have  been  f u r t h e r  s u b - d i v i d e d  i n t o  f o u r ;  h i g h e s t ,  h i g h ,  medium 
and low . S i m i l a r l y  t h e  a r e a s  o f  n e g a t i v e  change have  been  i d e n t i f i e d  
by th e  h ig h  and low r e l a t i v e  l o s s  i n  a c c e s s i b i l i t y .  Looking a t  t h e  
p o s i t i v e  s id e  o f  th e  c h a n g e s ,  a  s t r i k i n g  f e a t u r e  w hich  em erges from  
t h e  map i s  t h e  i d e n t i f i c a t i o n  o f  t h r e e  p e a k s .  Two o f  t h e s e  a re  
l o c a t e d  i n  t h e  ex trem e  n o r t h  and s o u th ,  w h i le  t h e  t h i r d  one i s  i n  th e  
c e n t r e  be tw een  M ultan  and D era  Ghazi Khan. The n o r t h  peak  o f  t h e  h ig h  
changes  i n c l u d e s  f o u r  towns o f  Wah Cantonm ent, R a w a lp in d i ,  Chakwal and 
Cam pbelpur. I t  i l l u s t r a t e s  t h e  i n c r e a s i n g  l e v e l  o f  r o a d  deve lopm en t i n  
t h e  n o r t h  and i n d i c a t e s  t h a t  t h i s  p a r t  i s  no lo n g e r  i s o l a t e d  from  th e  
r e s t  o f  t h e  r e g i o n .  These changes  a r e  a lm o s t  c e r t a i n l y  due t o  t h e  l i n k  
be tw een  Chakwal and Khushab, th ro u g h  th e  ' S a l t  Range* w hich r e d u c e s  th e  
d i s t a n c e  a lo n g  th e  s h o r t e s t  p a th  and p r o v id e s  d i r e c t  c o n n e c t i v i t y  w i th  
t h e  sy s te m . The im p o r ta n c e  o f  t h i s  l i n k  can  be f u r t h e r  a s s e s s e d  by 
exam in ing  th e  h ig h  v a lu e s  o f  r o u t e  r a t i o  (be tw een  r a i l  and ro a d  
d i s t a n c e s )  be tw een  th e  towns o f  Chakwal, Khushab and S a rg o d h a .
S i m i l a r l y ,  t h e  h ig h  changes  i n  th e  so u th  and c e n t r e  a r e  due t o  th e  m ajo r  
l i n k  be tw een  M u z a f fa rg a rh  and S a d iq  Abad, I t  p r o v id e s  th e  s h o r t e s t  p a th  
c o n n e c t i v i t y  n o t  o n ly  t o  t h e  n e ig h b o u r in g  towns b u t  a l s o  t o  t h e  w hole 
s y s te m , w hich  i s  c o n n e c te d  w i th  t h e  m a jo r  s e a p o r t  o f  K a r a c h i ,  th ro u g h  
t h i s  l i n k .
The r e m a in in g  zone o f  medium ch an g e ,  s t r e t c h e s  a c r o s s  t h e  c e n t r a l  
p l a i n  and t h e n  e x te n d s  t o  th e  s o u th  a lo n g  th e  main r o u t e s .  As i t  
i n c l u d e s  th e  c e n t r a l  towns w i th  h ig h  a c c e s s i b i l i t y  i n  b o th  r a i l  and 
r o a d  n e tw o rk s ,  t h e r e f o r e  i n  t h i s  reg io n /a^ m ed iu m  r a n g e  o f  changes  can  
o n ly  be e x p e c t e d .  The zones  o f  n e g a t i v e  changes  l i e  i n  t h e  n o r th  e a s t  
m a in ly ,  i n c l u d i n g  th e  o ld  w e l l  c o n n e c te d  tow ns,
5 .1 1  H y p o th eses
The h i e r a r c h i e s  o f  u r b a n  c e n t r e s  (2 0 ,0 0 0  +) e s t a b l i s h e d  on th e  
b a s i s  o f  d i f f e r e n t  i n d i c e s  o f  a c c e s s i b i l i t y  and u r b a n  deve lopm ent 
d i f f e r  from  e ach  o t h e r  r e f l e c t i n g  th e  i n t e r a c t i o n  o f  a  number o f  
f a c t o r s .  But k e e p in g  i n  mind th e  f u n c t i o n i n g  econom ic  p o s i t i o n  o f  
th e  r e g i o n ,  a  number o f  r e g u l a r i t i e s  can  be e x p e c te d  i n  te rm s  o f
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r e g i o n a l  d e v e lo p m e n t .  Fo r  exam ple , t h e  r o a d  deve lopm en t would  be 
e x p e c te d  t o  h av e  made th e  l a r g e r  s i z e  towns th e  m ost a c c e s s i b l e .  
S i m i l a r l y ,  one would  e x p e c t  any v e ry  a c c e s s i b l e  town t o  be i n  a 
s t r o n g  p o s i t i o n  f o r  economic and p o p u l a t i o n  g ro w th .  I t  i s  a  'c h ic k e n  
and egg* s i t u a t i o n ;  does a c c e s s i b i l i t y  e n co u rag e  g row th  and c r e a t e  
l a r g e  towns a t  a c c e s s i b l e  l o c a t i o n s  o r  does a l a r g e  town i n f l u e n c e  th e  
grow th  o f  t h e  n e tw o rk  and c r e a t e  an a c c e s s i b l e  l o c a t i o n ?
I n  th e  r a p i d l y  c h a n g in g  r e g i o n  o f  th e  P a n ja b  one c a n  a l s o  e x p e c t  
t h a t  t h e  im provem ent i n  a c c e s s i b i l i t y  o f  r e g i o n a l  c e n t r e s  w i l l  
n e c e s s a r i l y  i n f l u e n c e  t h e i r  r a t e  o f  grow th  o r ,  i n  o t h e r  w o rd s ,  t h e  
changes  i n  a c c e s s i b i l i t y  may d i s r u p t  e x i s t i n g  p a t t e r n s  o f  s p a t i a l  
c o m p e t i t i o n  i n  t h e  r e g i o n  and have  an e f f e c t  on r e l a t i v e  r a t e s  o f  
u r b a n  g ro w th .  I t  c o u ld  be assumed t h a t  new towns h av e  an even  c l e a r e r  
a s s o c i a t i o n  w i th  a c c e s s i b i l i t y  and th e  changes i n  a c c e s s i b i l i t y  which 
to o k  p l a c e  due t o  t h e  g row th  o f  th e  r o a d  ne tw ork  d u r in g  1 9 3 1 -7 1 .
With a number o f  s i m i l a r  q u e s t i o n s  i n  mind r e g a r d i n g  t h e  r e l a t i o n ­
s h ip  be tw een  a c c e s s i b i l i t y  and u rb a n  d e v e lo p m en t ,  t h e  f o l l o w in g  
h y p o th e s e s  a r e  p u t  fo rw a rd  t o  examine i n  t h e  l i g h t  o f  th e  d a t a  a v a i l a b l e  
on th e  P a n j a b ' s  u r b a n i z a t i o n  and r a i l  and r o a d  n e tw o rk s .
i  A c c e s s i b i l i t y  i s  a  s i g n i f i c a n t  f a c t o r  i n  u r b a n  grow th and h a s  a 
s i g n i f i c a n t  im p a c t  on th e  s i z e  o f  tow ns .
i i  Road a c c e s s i b i l i t y  i s  more s i g n i f i c a n t  on t h e  grow th  and 
deve lopm en t o f  new towns th a n  th e  o l d .
i i i  Changes i n  a c c e s s i b i l i t y  o f  u rb a n  c e n t r e s  c o r r e s p o n d s  w i th  t h e i r  
g row th  r a t e ,
i v  The g row th  r a t e s  o f  new towns a r e  more i n f l u e n c e d  by th e  a d d i t i o n  
o f  new l i n k s  t h a n  th e  improvem ent o f  l i n k s  i n  te rm s  o f  e f f i c i e n c y .
5 .1 2  R e l a t i o n s h i p
V a r io u s  t y p e s  o f  a c c e s s i b i l i t y  m easurem ents  have  been  d i s c u s s e d  i n  
th e  p r e v i o u s  s e c t i o n .  These can  now be r e l a t e d  t o  p a t t e r n s  o f  d e v e lo p ­
m ent i n  th e  2 0 ,0 0 0  -  5 0 ,0 0 0  u r b a n  s i z e  c l a s s .  The f o l l o w i n g  
i n d i c a t o r s  a r e  c h o sen :
i  P o p u l a t i o n  s i z e  1971
i i  P o p u l a t i o n  change 1961-71
i i i P o p u l a t i o n  change 1931-1971
i v
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Age o f  t h e  towns
V Road a c c e s s i b i l i t y  1971
v i R a i l  a c c e s s i b i l i t y
v i i Time a c c e s s i b i l i t y  1971
v i i i Changes i n  a c c e s s i b i l i t y  be tw een  r a i l  and r o a d
The f i r s t  f o u r  have been  u se d  as  i n d i c a t o r s  o f  u r b a n  deve lopm en t 
w h i le  t h e  r e m a in in g  f o u r  r e f l e c t  a c c e s s i b i l i t y .  I n  t h e  f i r s t  s t a g e  o f  
a n a l y s i s  t h e  d e g re e  o f  a s s o c i a t i o n  i s  m easured  by s im p le  c o r r e l a t i o n  
(b e tw e e n  th e  i n d i c e s  o f  a c c e s s i b i l i t y  and u rb a n  d ev e lo p m en t)  which i s  
an i n d e x  o f  t h e  ' c l o s e n e s s  o f  f i t '  ( s e e  T ab le  5 . 2 ) ,  I n  th e  second  
s t a g e  t h e s e  s im p le  c o r r e l a t i o n s  a re  t e s t e d  by c o n t r o l l i n g  o t h e r  
v a r i a b l e s  w i t h i n  t h e  d a t a  s e t ,  w i th  t h e  a t te m p t  t o  p i c k  up th e  genu ine  
from  th e  s p u r i o u s  r e l a t i o n s h i p  and i s o l a t e  th e  t r u l y  s i g n i f i c a n t  
r e l a t i o n s h i p s  ( s e e  T ab le  5 . 3 ) .
a .  P o p u l a t i o n  s i z e
Many i n t e r e s t i n g  p o i n t s  emerge from  an e x a m in a t io n  o f  t h e  c o r r e l a t i o n  
c o - e f f i c i e n t s  r e l a t i n g  th e  v a r i a b l e s  o f  change t o  th e  p o p u l a t i o n  s i z e  
o f  t h e  to w n s .  I t  shows a s t r o n g  r e l a t i o n s h i p  be tw een  t h e i r  s i z e  and 
t h e i r  r e l a t i v e  a c c e s s i b i l i t y  by b o th  r a i l  and r o a d  n e tw o rk s .  I n t e r e s t ­
i n g l y ,  th e  r e l a t i o n s h i p  o f  'tow n  s i z e '  w i th  r o a d  a c c e s s i b i l i t y  i s  
c o m p a r a t iv e ly  s t r o n g e r  th a n  w i th  th e  r a i l  a c c e s s i b i l i t y .  I t  s u g g e s t s  
t h a t  th e  r o a d  n e tw ork  p r o v id e s  a h i g h e r  d e g re e  o f  r e l a t i v e  a c c e s s i b i l i t y  
t o  th e  l a r g e r  u r b a n  c e n t r e s ,  th a n  th e  r a i l  n e tw o rk .  I t  a l s o  r e f l e c t s  
t h e  c o m p a r a t iv e ly  h ig h  i n t e r - c o n n e c t i v i t y  o f  t h e s e  c e n t r e s  by th e  
s h o r t e s t  p o s s i b l e  r o a d  r o u t e s .  S i m i l a r l y  th e  s t r o n g  r e l a t i o n s h i p  o f  
u rb a n  s i z e  w i th  r o a d  a c c e s s i b i l i t y  i s  a l s o  found  w i th  tim e  a c c e s s i b ­
i l i t y ,  i n d i c a t i n g  a g r e a t e r  f r e q u e n c y  o f  r a i l  and r o a d  t r a n s p o r t  
be tw een  th e  m a jo r  c i t i e s .  An e x a m in a t io n  o f  th e  a s s o c i a t i o n  o f  ' t im e  
a c c e s s i b i l i t y *  w i th  r a i l  and r o a d  n e tw o rk s  s e p a r a t e l y ,  shows t h a t  th e  
towns h a v in g  h ig h  a c c e s s i b i l i t y  s c o r e s  on th e  r a i l  n e tw o rk  in d e x  a re  
a l s o  c h a r a c t e r i s e d  by a h i g h e r  d e g re e  o f  ' t im e  a c c e s s i b i l i t y ' .  T h is
I t  h a s  been  computed s in c e  th e  f i r s t  ( e s t i m a t e d )  c e n su s  o f  1871 
a c c o r d in g  t o  s i z e  and d a t e .  I f  more th a n  one town a p p e a r s  i n  th e  
l i s t  o f  towns i n  t h e  same d e c a d e ,  th e y  a re  a r r a n g e d  i n  o r d e r  a c c o rd in g  
t o  t h e i r  p o p u l a t i o n .
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T ab le  5 .2  
SIMPLE CORRELATION MATRIX
V a r i a b l e s 1 2 3 4 5 6 7 8 9 T o ta l
1 Town s i z e X 1 .588
2 Road a c c ’ .287 x * 3 .078
3 R a i l  & Rd. 
a c c . .290 .886 X 3.473
4 Time a c c . .217 .500 .612 X 2 .2 7 0
5 Pop change 
1961-71 .035 .208 - . 1 1 2 - .0 4 7 X 1 .902
6 R a i l  acc , .161 .535 .890 .610 - .2 7 5 X 3 .4 6 9
7 Acc change .092 .388 - .2 6 3 - .1 2 8 .315 - .4 6 1 X 1 .9 6 1
8 Pop change 
1931-71 .060 .017 - .0 9 2 .002 .583 - . 2 0 8 .224 X 1 .8 5 4
9 Age o f  
Towns .446 .257 .328 .154 - .3 2 7 .329 - .0 9 0 - . 6 6 8 x 2 .5 9 9
1 .  Town s i z e  1971
2 .  Road a c c e s s i b i l i t y  1971
3 .  R a i l  and Road a c c e s s i b i l i t y  1971
4 .  Time a c c e s s i b i l i t y  1971
5 .  P o p u l a t i o n  change 1961-71
6 . R a i lw ay  a c c e s s i b i l i t y  1931
7. A c c e s s i b i l i t y  change 1931-71
8 . P o p u l a t i o n  change 1931-71
9 . Age o f  towns s in c e  1881
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s u g g e s t s  t h a t  th e  p a t t e r n s  o f  t o p o l o g i c a l  a c c e s s i b i l i t y  m easu red  on th e  
r a i l  n e tw o rk  i n  1931, were d i r e c t l y  com parab le  w i th  p a t t e r n s  o f  ' t im e  
a c c e s s i b i l i t y '  i n  1971 . Thus towns w hich were a l r e a d y  c h a r a c t e r i s e d  
by h ig h  a c c e s s i b i l i t y  t o  th e  r a i l  n e tw ork  i n  1931 b e n e f i t e d  f u r t h e r  
from  im provem ents  t o  t h e  r o a d  n e tw o rk  i n  t h e  f o l l o w i n g  p e r i o d .  A 
s i m i l a r l y  s i g n i f i c a n t  c o r r e l a t i o n  be tw een  ' tow n  s i z e '  and 'a g e  o f  th e  
to w n s ' shows t h a t  w i th  th e  i n c r e a s e  o f  u r b a n  p o p u l a t i o n  th e  o ld  towns 
a re  s t i l l  d o m in a t in g  th e  ' s i z e *  w i th  t h e  g r a d u a l  grow th  o f  p o p u l a t i o n .
A lo w e r  d e g re e  o f  c o r r e l a t i o n  o f  ' tow n s i z e '  w i th  t h e  changes  ( d u r i n g  
1 9 31 -71 )  i n  a c c e s s i b i l i t y  and p o p u l a t i o n ,  (+ .0 9 2  and + .0 6 0  r e s p e c t i v e l y )  
shows t h a t  d u r in g  th e  p e r i o d  h ig h  changes  i n  b o th  a c c e s s i b i l i t y  and 
p o p u l a t i o n  to o k  p l a c e  i n  t h e  towns i r r e s p e c t i v e  o f  t h e i r  s i z e s  and 
a s s o c i a t i o n  o f  t h e s e  changes  h a s  no s i g n i f i c a n t  e f f e c t  on th e  a s s o c i a t i o n  
o f  town s i z e  and a c c e s s i b i l i t y  ( s e e  T ab le  5 02 ) ,  The e f f e c t  o f  'a g e  o f  
to w n ' on th e  r e l a t i o n s h i p  o f  ' to w n  s iz e *  w i th  a l l  t h e  t h r e e  ty p e s  o f  
a c c e s s i b i l i t i e s  i s  c l e a r  by th e  n o t i c e a b l e  d e c r e a s e  i n  t h e  d e g re e  o f  
a s s o c a i t i o n  when th e  i n f l u e n c e  o f  t h e  t h i r d  v a r i a b l e  'a g e  o f  tow n ' i s  
e l i m i n a t e d  by p a r t i a l  c o r r e l a t i o n ,  where i t  h a s  th e  maximum e f f e c t  on th e  
c o r r e l a t i o n  w i th  r a i l w a y  a c c e s s i b i l i t y  fo l lo w e d  by r o a d  and t im e  a c c e s s ­
i b i l i t i e s  r e s p e c t i v e l y 0 T ab le  5 03 s u g g e s t s  t h a t  i n  t h e  c a s e  o f  many o ld  
tow ns, t h e  a c c e s s i b i l i t y  ( p a r t i c u l a r l y  r a i l w a y )  and ' to w n  s i z e '  a re  u n ­
c o r r e l a t e d ,  w here i t  r e f l e c t s  e i t h e r  t h e  o ld  and l a r g e  towns o f  R a w a lp in d i ,  
L ah o re ,  K a s u r ,  S i a l k o t ,  G u jran w a la  and M ultan  w i t h  low a c c e s s i b i l i t y  on 
th e  r a i l w a y  n e tw o rk  o r  t h e  o ld  and a c c e s s i b l e  (by  r a i l )  towns o f  B hera ,  
Khushab, C h i n i o t ,  L ie ah  and M u z a f fa rg a rh  w i th  c o m p a r a t iv e ly  s m a l l e r  s i z e d  
p o p u l a t i o n s .  S i m i l a r l y  t h e  e f f e c t  o f  a c c e s s i b i l i t y  on th e  c o r r e l a t i o n  o f  
' s i z e '  and ' to w n  a g e '  i s  a l s o  c l e a r  th ro u g h  th e  d e c r e a s e  i n  th e  s i z e  o r  
v a lu e  o f  t h e  r e l a t i o n s h i p  by c o n t r o l l i n g  w i th  a l l  t h r e e  ty p e s  o f  a c c e s s ­
i b i l i t i e s ,  shows th e  g r e a t e r  im p o r ta n c e  o f  r o a d  a c c e s s i b i l i t y  as  compared 
t o  r a i l  and t im e  a c c e s s i b i l i t i e s .  I t  r e f l e c t s  th e  im p o r t a n t  r o l e  p la y e d  
by r o a d  deve lopm en t ( a c c e s s i b i l i t y )  i n  r e c e n t  y e a r s  i n  e s t a b l i s h i n g  th e  
p o p u l a t i o n  s i z e  h i e r a r c h y  s i m i l a r  t o  h i e r a r c h y  a c c o r d in g  t o  'a g e  o f  
t h e  to w n s ’ .
T ab le  5 ,3  shows t h a t  t h e  grow th r a t e  o f  t h e  u r b a n  c e n t r e s  d u r in g  
1931-71 h a s  a  p o s i t i v e  c o r r e l a t i o n  w i th  th e  a c c e s s i b i l i t y  change d u r in g  
th e  same p e r i o d .  I t  r e f l e c t s  a  s i m i l a r  h i e r a r c h y  o f  towns on b o th  
i n d i c e s ,  b u t  on th e  o t h e r  hand  t h e  growth r a t e  (1 9 3 1 -7 1 )  h a s  99 .9  p e r
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c e n t  s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  w i th  'a g e  o f  town* w hich shows 
t h a t  th e  r a n k in g  o f  towns a c c o rd in g  t o  t h e i r  g row th  r a t e  w i l l  t e n d  to  
be t h e  r e v e r s e  o f  r a n k in g  a c c o r d in g  t o  t h e  'a g e  o f  to w n ' and a s t r o n g  
n e g a t i v e  c o - e f f i c i e n t  o f  c o r r e l a t i o n  must be e x p e c te d  be tw een  'a g e  o f  
to w n s ' and a c c e s s i b i l i t y .
A l l  t h i s  a p p e a r s  t o  s u g g e s t  t h a t  t h e  changes  i n  a c c e s s i b i l i t y  be tw een  
1931 and 1971 to o k  p l a c e  i n  t h e  new towns o f  h i g h e r  g row th  r a t e s ,  where 
p o p u l a t i o n  and a c c e s s i b i l i t y  changes a re  i n t e r - r e l a t e d .  T h is  r e l a t i o n ­
s h ip  r e f l e c t s  t h e  f a c t  t h a t  m ost o f  t h e s e  towns w ere  l o c a t e d  a lo n g  th e  
p a r a l l e l  b u t  u n c o n n e c te d  r a i l w a y  l i n e s .  These towns w ere  l e a s t  
a c c e s s i b l e  by r a i l  t o  o t h e r  c e n t r e s  i n  th e  r e g i o n  as  w e l l  a s  t o  th o s e  
towns w hich w ere  c l o s e s t  t o  them g e o g r a p h i c a l ly  b u t  w ere  on a d i f f e r e n t  
l i n e .  The e f f e c t  o f  r o a d  deve lopm en t on changes  o f  t h e  a c c e s s i b i l i t y
o f  t h e s e  towns i s  due t o  t h e  r o a d s  s h o r t  c i r c u i t i n g  t h e  r a i l w a y .  T h is
i s  e v id e n t  from  t h e  ne tw ork  i t s e l f  ( s e e  F ig u re  2 . 3 ) .  E x a m in a t io n  o f  
t h e  r a i l  i r o a d  d i s t a n c e  r a t i o  f o r  th e s e  towns shows h ig h  v a lu e s  f o r  
S a h iw a l ,  Bahawal N a g a r ,  A r i f w a l a  and C h ichaw atn i  ( o f  be tw een  5 and 8 . 6 ) .  
These a r e  fo l lo w e d  by Chakwal, Khushab and S a rg o d h a .  T h is  s i t u a t i o n  
a l s o  c o r r e s p o n d s  t o  th e  p r e d i c t e d  p a t t e r n  o f  c o n n e c t i v i t y  on th e  b a s i s  
o f  v a r i a t i o n  on t h e  a lp h a  in d e x  betw een r a i l  (1 9 .3 3  p e r  c e n t )  and 
ro a d  (4 5 .6  p e r  c e n t )  n e tw o rk s  ( s e e  T ab le  5 , 1 ) .
The r e l a t i o n s h i p  o f  g row th  r a t e  (1 9 3 1 -7 1 )  v a r i e s  w i th  a l l  t h e  t h r e e
ty p e s  o f  a c c e s s i b i l i t i e s .  The r e l a t i o n s h i p  i s  w eak ly  p o s i t i v e  w i th  
t o p o l o g i c a l  r o a d  a c c e s s i b i l i t y  and s t r o n g l y  n e g a t i v e  w i t h  t o p o l o g i c a l  
r a i l  a c c e s s i b i l i t y .  I t  i s  a lm o s t  a b s e n t  i n  th e  c a s e  o f  ' t im e  a c c e s s ­
i b i l i t y ' ,  i n d i c a t i n g  t h a t  w i th  t h e  change i n  mode o f  t r a n s p o r t  and 
r o a d  d e v e lo p m en t ,  t h e  towns h a v in g  a h ig h  r a i lw a y  a c c e s s i b i l i t y  i n  
1931, showed a low grow th r a t e  d u r in g  t h e  p e r i o d ,  w h e re as  th e  new 
towns w i th  p o o r  r a i l w a y  a c c e s s i b i l i t y  showed a h ig h  g row th  r a t e  i n  
t h e i r  p o p u l a t i o n  ( a s  e v id e n t  from th e  r e l a t i o n s h i p  o f  'g ro w th  r a t e '  
and 'a g e  o f  to w n s '  : r  = - . 668 ) .  T h is  r e f l e c t s  t h e  f a c t  t h a t  towns 
w i th  h ig h  r a i l w a y  a c c e s s i b i l i t y  i n  1931, showed h ig h  changes  n e i t h e r  
i n  a c c e s s i b i l i t y  n o r  i n  u r b a n  grow th  a f t e r w a r d s ,  w h e re as  t h e  changes  
i n  a c c e s s i b i l i t y  due t o  r o a d  deve lopm ent a re  i n t e r r e l a t e d  w i th  r e c e n t  
u rb a n  g ro w th .
The absence  o f  s i g n i f i c a n t  c o r r e l a t i o n  c o - e f f i c i e n t s ,  which e i t h e r  
i n d i c a t e s  a l a c k  o f  r e l a t i o n s h i p  o r  random ness ,  i s  e q u a l l y  im p o r ta n t
T ab le  5 .3
SIMPLE AND PARTIAL CORRELATION CO-EFFICIENT RELATING:
( i )  Town s i z e  1971 ( i i )  U rban  p o p u l a t i o n  change 1961- 
71 ( i i i )  U rban  p o p u l a t i o n  change 1931-71  ( i v )  Age 
o f  towns ( v )  R a i l  and Road Av. a c c e s s i b i l i t y  1971
W ith t h e  v a r i a b l e s  o f  ch a n g e .
C o n t r o l  V a r i a b l e s RD RL TIME CHANGE AGE OF
ACC ACC ACC IN ACC. TOWN
Y" (Town s i z e  1971) .287 .161 .217 .092 ,446
Pop. change 1961-71 .286* .177 .219 .081* .460
Pop. change 1931-71 .286* .178 .217 .081* .654
Age o f  town .199* .017* .168* .148
Road a c c . .009* .088* - . 022* .402*
R a i l  a c c . .241* .152* .190 .422*
Time acc , 211* .037* .124 .428*
Change i n  acc .274* .230 .232 .458
R a i l  St Rd. Av. Acc. .068* - .2 2 2 .052* .182 .388*
'Y' (Pop change 1961 -71 ) .208 - .2 7 5 - .0 4 7 .315 - .3 2 7
I I  Town s i z e .207 - .2 8 4 * - .0 5 5 * .327 - .3 8 3 *
Pop change 1931-71 .244 .499 - .0 5 9 .232* .103
Age o f  town .320 - .1 8 7 .004 .366
Road a c c . - .4 6 7 * - .1 7 8 * .260* - .4 0 2 *
R a i l  acc .437 .158 . 220* - .2 6 0
Time acc .268 - .3 9 3 * .312* - .3 2 4
Change i n  acc .098* - . 1 5 4 .034 - .3 1 6
R a i l  St Rd. Av. A cc. .667 - .3 8 7 * .027 .298* - .3 0 9
( U r . pop change
7 1 9 3 1 - 7 1 ) .017 - .2 0 8 .002 .224 - .6 6 8
I I I  Town s i z e - . 001* - . 221* , 220* - .7 7 8 *
Pop change 1961-71 - .1 3 1 * - .0 6 1 . 052* - .6 2 2
Age o f  town .188 .017 . 221*
Road acc - .2 5 7 * . 220* - .6 9 6 *
R a i l  acc .155 .147* - .6 4 9
Time acc .018 - .2 6 4 * .226 - .6 7 6 *
Change i n  acc - .0 7 7 * - . 1 2 1 - .6 6 7 *
Rai 1 St Rd. Av. A c c . .046 - .2 7 8 * .208* - .6 7 8 *
=■ S im ple  c o r r e l a t i o n
* = Showing e f f e c t
IT = S i g n i f i c a n c e  l e v e l :  95 p e r  c e n t .25
99 p e r  c e n t .325
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Table 5.3 Continued
C o n t r o l  V a r i a b l e s RD RL TIME CHANGE AGE OF
ACC ACC ACC IN ACC TOWN
(Age o f  town) .257 .329 .154 - . 0 9 0
Town s i z e .150* .291*
U r ,p o p  change 1961-71 .352 .263*
U r .p o p  change 1931-71 .361 .261*
Road acc .234*
R a i l  acc . 101*
Time acc . 210* .300*
Change i n  acc .318 .325*
R a i l  & Rd, Av. Acc. - .0 7 6 * .090*
V 7*" ( R a i l  St Rd. Av. 
A c c . ) .886 .890 .612 - .2 6 3 .328
Town s i z e .876* .893 .587* - .3 0 4 * .232*
U r .p o p  change 1961-71 .935 .867* .611 - .2 4 1 .310*
U r .p o p  change 1931-71 .891 .894 .615 - . 2 5 0 .360
Age o f  town .878* .877* .601* - . 2 4 8
Road acc  
R a i l  acc  
T ime acc  
Change i n  acc
.847*
.421*
.191* .364
.224*
.082*
.299*
.317*
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i n  t h e  c a s e  o f  t im e  and r o a d  a c c e s s i b i l i t i e s .  T h is  a b sen c e  o f  
c o r r e l a t i o n  be tw een  t im e  a c c e s s i b i l i t y  and u rb a n  g row th  ( 1 9 3 1 -7 1 ) ,  
i n d i c a t e s  t h a t  th e  towns ra n k e d  h i g h e r  on th e  t im e  a c c e s s i b i l i t y  s c a l e  
do n o t  show a h ig h  grow th  r a t e  d u r in g  t h e  p e r i o d .  On th e  o t h e r  hand 
a s t r o n g e r  p o s i t i v e  c o r r e l a t i o n  o f  + .2 0 8  betw een r o a d  a c c e s s i b i l i t y  
and u rb a n  g row th  d u r in g  1 9 6 1 -7 1 ,  s u g g e s t s  v a r i a t i o n s  i n  th e  p a t t e r n s  
o f  u rb a n  grow th  d u r in g  d i f f e r e n t  d e c a d e s .  A d e c r e a s e  i n  t h e  c o r r e ­
l a t i o n  o f  r e c e n t  growth r a t e  (1 9 6 1 -7 1 )  w i th  t im e  a c c e s s i b i l i t y  shows 
t h a t  t h e  r a n k s  o f  t h e  towns a c c o r d in g  t o  r e c e n t  g row th  (1 9 6 1 -7 1 )  a r e  
more s i m i l a r  t o  th e  h i e r a r c h y  o f  th e  towns e s t a b l i s h e d  t o p o l o g i c a l l y ,  
t h a n  th e  h i e r a r c h y  by t im e  a c c e s s i b i l i t y .  I t  f u r t h e r  s u g g e s t s  t h a t  
t h e  r e c e n t  h i g h e r  grow th  r a t e  i n  new towns i s  more c l o s e l y  a s s o c i a t e d  
w i th  t h e  t o p o l o g i c a l  p a t t e r n  o f  r o a d  a c c e s s i b i l i t y  t h a n  w i th  t im e  
a c c e s s i b i l i t y  o r ,  i n  o t h e r  w o rd s ,  i n  th e  growth o f  new towns th e  
e x i s t e n c e  o f  a  t o p o l o g i c a l  r o a d  l i n k  i s  more i m p o r t a n t  th a n  th e  
e f f i c i e n c y  o f  t h e  l i n k ,  w hich  p l a y s  an im p o r ta n t  r o l e  i n  t h e  grow th 
o f  towns w hich  e x i s t e d  p r e v i o u s l y .  S i m i l a r l y ,  i t  c an  be e x p e c te d  t h a t  
th e  c h a n ce s  f o r  t h e  grow th o f  new towns a re  h i g h e r  by new l i n k a g e  th a n  
on th e  l i n k  w i th  heavy  t r a f f i c  f lo w .  T h is  a s p e c t  w i l l  be f u r t h e r  
e l a b o r a t e d  and exam ined on th e  sm a l l  s c a l e  o f  t h e  s tu d y  by i n c l u d i n g  
m ost o f  th e  new to w n s .
T h is  v a r i a t i o n  o f  r e l a t i o n s h i p  o f  u rb a n  grow th w i t h  r o a d  and tim e 
a c c e s s i b i l i t i e s  r e f l e c t s  a number o f  f a c t s :
Most o f  t h e s e  a r e  new towns l o c a t e d  away from  main r o u t e s  ( c o n n e c t in g  
c i t i e s )  w here t h e  e f f i c i e n c y  o f  t r a n s p o r t  i s  l e s s ,  w h i l e  t h e  m ajor  
c i t i e s  a r e  c o n n e c te d  by d i r e c t  non s to p  r o u t e s  t a k i n g  l e s s  t im e .
As th e  a d m i n i s t r a t i v e  f u n c t i o n s  dom ina te  i n  t h e  r e g i o n  th e  d i s t r i c t  
h e a d q u a r t e r s  (w hich  a r e  m o s t ly  o ld  tow ns)  have e a s y  a c c e s s i b i l i t y .
Some o f  t h e  new to w ns , i n  s p i t e  o f  t h e i r  i n a c c e s s i b i l i t y  by r o a d ,  a re  
q u i c k ly  a v a i l a b l e  by r a i l w a y .  The r e l a t i o n s h i p  o f  r a i l  a c c e s s i b i l i t y  
i s  n e g a t i v e  w i th  r e c e n t  u r b a n  grow th  (1 9 6 1 -7 1 )  and 'a g e  o f  to w n s ' b u t  
i t  i s  p o s i t i v e  w i th  a c c e s s i b i l i t y  change ( 1 9 3 1 -7 1 ) .  I t  i n d i c a t e s  t h a t  
some o f  th e  a c c e s s i b l e  towns on th e  r a i l  n e tw o rk s  h av e  been  l e f t  a s id e  
from  th e  r o a d s  and due t o  t h i s  d i v e r s i o n  i n  th e  c h a n n e l  o f  t r a d e ,  t h e s e  
a r e  showing low grow th  w h i le  new towns have  g a in e d  a l e a d  on them . 
F u r t h e r  a n a l y s i s  o f  p a r t i a l  c o r r e l a t i o n  c l a r i f i e s  t h e  s i t u a t i o n  o f  th e  
r e l a t i o n s h i p  be tw een  a c c e s s i b i l i t y  and u rb a n  g ro w th .  I t  i s  o b s e rv e d
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t h a t  w i th  t h e  i n f l u e n c e  o f  r a i l  and r o a d  a c c e s s i b i l i t i e s  c o n t r o l l e d ,  
t h e  v a lu e  o f  c o r r e l a t i o n  be tw een  changes  i n  p o p u l a t i o n  a c c e s s i b i l i t y  
( d u r in g  1931 -7 1 )  i s  r e d u c e d  and t h i s  i n d i c a t e s  t h a t  much o f  th e  
a p p a r e n t  c o r r e l a t i o n  be tw een  th e  v a r i a b l e s  depends  on th e  c o r r e l a t i o n  
o f  each  w i t h  r a i l  a c c e s s i b i l i t y ,  fo l lo w e d  by r o a d  a c c e s s i b i l i t y .
The c o r r e l a t i o n  be tw een  r o a d  a c c e s s i b i l i t y  and r e c e n t  g ro w th ,  r e d u c e d  
d r a m a t i c a l l y  w i t h  t h e  c o n t r o l  o f  a c c e s s i b i l i t y  c h a n g es  ( s e e  T a b le  5 . 3 ) ,
I t  r e f l e c t s  th e  im p o r ta n c e  o f  t h e s e  changes  (due  t o  r o a d  deve lopm en t)  
on t h e  r e l a t i o n s h i p .  S i m i l a r l y  t h e  d e c re a s e  i n  a s s o c i a t i o n  o f  r a i l  
a c c e s s i b i l i t y  and r e c e n t  u rb a n  grow th  b ro u g h t  a b o u t  by th e  c o n t r o l  
v a r i a b l e s  shows a h ig h  i n f l u e n c e  o f  r o a d  and t im e  a c c e s s i b i l i t i e s  
which r e f l e c t s  t h e i r  im p o r t a n t  c o n t r i b u t i o n  t o  t h e  p a t t e r n  o f  r e c e n t  
u r b a n  g ro w th ,  A s i g n i f i c a n t  c o r r e l a t i o n  betw een  p o p u l a t i o n  change 
(1 9 6 1 -7 1 )  and ' a c c e s s i b i l i t y  change* i s  a l s o  a f f e c t e d  by r o a d  a c c e s s ­
i b i l i t y  ( s e e  T ab le  5 . 3 ) .
I n  t h e  T a b le  5 .2  t h e  t o t a l s  o f  t h e  columns o f  t h e  v a r i a b l e s  g iv e  
an i n d i c a t i o n  o f  t h e  g e n e r a l  amount o f  r e l a t e d n e s s  o f  a l l  th e  n in e  
v a r i a b l e s  be tw een  each  and e v e ry  o t h e r  v a r i a b l e .  The h i g h e r  t h e  v a lu e  
th e  more g e n e r a l l y  r e l a t e d  i s  t h e  v a r i a b l e .  I n  t h i s  c a se  t h e  v a r i a b l e s  
o f  t o p o l o g i c a l  a c c e s s i b i l i t y  a r e  h i g h l y  r e l a t e d  and a r e  t h e n  fo l lo w e d  
by ' s i z e  o f  t o w n s ' ,  ' t im e  a c c e s s i b i l i t y '  and ' a c c e s s i b i l i t y  c h a n g e ' ,  
w h i l e  t h e  r a m a in in g  t h r e e  a re  l e a s t  c o r r e l a t e d .  I t  r e f l e c t s  t o  some 
e x t e n t  t h e  im p a c t  o f  a c c e s s i b i l i t y  on th e  p a t t e r n s  o f  u r b a n  deve lopm ent 
and shows t h a t  t h e  i n d i c e s  o f  a c c e s s i b i l i t y  a re  more c l o s e l y  i n t e r r e l a t e d  
th a n  th e  i n d i c e s  o f  u r b a n  d ev e lo p m en t.
F i n a l l y  i n  th e  l i g h t  o f  t h e s e  i n t e r  r e l a t i o n s h i p s  be tw een  a c c e s s -  • 
i b i l i t y  and u rb a n  g ro w th ,  i t  can  be c o n c lu d e d  t h a t  t h e  s t r o n g e s t  
a s s o c i a t i o n  e x i s t s  be tw een  th e  c o n s t r u c t i o n  o f  r o a d  f a c i l i t i e s  i n  t h e  
r e g i o n  and t h e  deve lopm en t o f  a c t i v i t i e s  i n  u r b a n  c e n t r e s  w hich have  
been  b e n e f i t e d  by th e  r e s u l t i n g  improvement i n  n e tw o rk  a c c e s s i b i l i t y .
The deve lopm en t o f  t h e  a c t i v i t i e s  w i l l  be f u r t h e r  a n a ly s e d  i n  t h e  
su b s e q u e n t  s e c t i o n  o f  d i s t r i c t  l e v e l  a n a l y s i s .  On t h e  b a s i s  o f  t h e  
i n t e r r e l a t i o n s h i p s  be tw een  changes  o f  1931-71 i n  b o th  u r b a n  p o p u l a t i o n  
and a c c e s s i b i l i t y ,  i t  i s  c o n c lu d e d  t h a t  a h ig h  i n c r e a s e  o f  u rb a n  
p o p u l a t i o n  to o k  p la c e  i n  t h e  e s t a b l i s h e d  c e n t r e s  w hich  w ere  newly 
c r e a t e d  a s  s e r v i c e  c e n t r e s  f o r  d e v e lo p in g  a g r i c u l t u r a l  a r e a s .  S i m i l a r  
q u e s t i o n s  c o u ld  be a sk ed  r e g a r d i n g  th e  r e c e n t  changes  i n  t h e  p a t t e r n  o f
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T ab le  5 .4
RANKING OF TOWNS (2 0 ,0 0 0 + )  ACCORDING TO ROAD ACCESSIBILITY 
( e x c l u d in g  t h r e e  towns w hich  a re  n o t  c o n n e c te d  by r a i l n e t )
R Name
1 Jh an g
2 L y a l lp u r
3 C h in io t
4 Sargodha
5 S h o rk o t
6 M u z a f fa rg a rh
7 G o jra
8 Khushab
9 Kot Adu
10 M itha  Tiwana
11 Bhakkar
12 Ohara
13 J a ra n w a la
14 S h e ik h u p u ra
15 M ultan
16 Toba T e k s in g h
17 L ieah
18 Mandi B ahaodin
19 H a f iz a b a d
20 S ah iw a l
21 Khanewal
22 C h ic h a w a tn i
23 Mian Channu
24 Lahore
25 M ianw ali
26 P a k p a t t a n
27 Chakwal
28 B hera
29 G u jran w a la
30 R a w alp ind i
31 Kamoke
R Name
32 Dera Ghazi Khan
32 K undian
32 K am alia
35 Campbelpur
36 Wah Cantonment
36 Khanpur
36 Nankana
39 Rahim Y ar  Khan
40 B ahaw alpur
40 G u j r a t
42 S a d iq  Abad
43 B urew ala
44 A r i f w a la
45 K asur
46 V e h a r i
47 Jhe lum
48 K h a r ia n
48 S h u ja a b a d
50 M a i l s i
51 K ehro r
52 Ahmad P u r  E a s t
53 Bahawal Nagar
53 C h i s h t i a n
55 G u ja rk h an
56 W azirabad
57 Narowal
58 Daud Khel
59 Lalam usa
60 S i a l k o t
61 H arunabad
62 S h a k a rg a rh
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u r b a n  g row th  on s m a l l e r  s c a l e s ,  w hich a re  d i s c u s s e d  i n  t h e  n e x t  
C h a p t e r s .
C h a p te r  6 
DIVISION LEVEL PATTERN OF CONNECTIVITY
6 .1  I n t r o d u c t i o n
I n  t h e  p r e v i o u s  c h a p t e r  th e  r e g i o n a l  t r a n s p o r t  sy s te m  was m easured  
a t  t h e  s t a t e  l e v e l .  T h is  r e p r e s e n t s  th e  most g e n e r a l  l e v e l  o f  a n a l y s i s .  
Here  t h e  a n a l y s i s  moves t o  a  low er  l e v e l .  T h is  i s  n e c e s s a r y  b e c au se  
some f a c t o r s  w hich  o p e r a t e  a t  th e  r e g i o n a l  l e v e l  a r e  n o t  r e l e v a n t  a t  a 
more l o c a l  s c a l e .  E q u a l ly ,  i t  i s  i m p o r ta n t  t o  i d e n t i f y  th o s e  f a c t o r s  
w hich  p la y  a p a r t  i n  t h e  r e l a t i o n s h i p  betw een u r b a n  grow th  and 
a c c e s s i b i l i t y  a t  t h e  l o c a l  s c a l e  (Kansky 1 9 6 3 ) ,  I n  t h i s  c h a p t e r  an 
a t t e m p t  i s  made t o  i d e n t i f y  t h e s e  f a c t o r s .
A cco rd in g  t o  B e r ry  (1 9 7 2 ) ,  th e  sub r e g i o n a l  c e n t r e  o f  h ig h  p o p u l a t i o n  
p o t e n t i a l  a c t s  as  a  c e n t r e  f o r  t h e  " d i f f u s i o n  o f  d e v e lopm en t im p u ls e s  
t o  t h e  l e s s  d e v e lo p e d  a r e a s  w i t h i n  a r e g i o n  ( a n d )  i s  a  f u n c t i o n  o f  
a c c e s s  t o  t h e  g row th  c e n t r e " .
F u r th e rm o re ,  a number o f  r e a s o n s  can  be o u t l i n e d  f o r  t h e  su b ­
d i v i s i o n  o f  r e g i o n s  and t h e  i n c l u s i o n  o f  s m a l l e r  s i z e  towns i n  t h i s  
s tu d y :
1 , The r e g i o n a l  l e v e l  o f  a n a l y s i s  o n ly  g iv e s  an im p r e s s io n  o f  t h e  
b ro a d  p a t t e r n  o f  c o n n e c t i v i t y .  I n  a r e g i o n  l i k e  t h e  P a n ja b ,  w hich i s  
n o t  o n ly  dynamic b u t  a l s o  h e te r o g e n e o u s ,  th e  v a r i a t i o n s  i n  c o n n e c t i v i t y  
be tw een  d e v e lo p e d  and l e s s  d e v e lo p e d  a r e a s ,  and p a r t i c u l a r l y  betw een 
p e r i p h e r a l  and c e n t r a l  sub r e g i o n s ,  c a n n o t  be i d e n t i f i e d .
2 ,  At t h e  s u b - r e g i o n a l  l e v e l  i t  i s  p o s s i b l e  t o  i d e n t i f y  th e  
p a t t e r n  o f  a c c e s s i b i l i t y  i n c l u d i n g  th e  s m a l l e r  towns i n  th e  a n a l y s i s .
I n  a complex n e tw o rk  t h e s e  may p l a y  a c r u c i a l  r o l e  i n  t h e  o v e r a l l  
p a t t e r n  o f  c o n n e c t i v i t y .
3 ,  Most o f  t h e  s m a l l e r  towns l i e  away from  t h e  main r o u t e s  and i t  
i s  n o t  p o s s i b l e  t o  t r a n s f e r  i n d i c e s  from  th e  r e g i o n a l  s c a l e  d i r e c t l y
t o  t h e  lo w e s t  l e v e l  a n a l y s i s .  I t  i s  n e c e s s a r y  t o  a n a ly s e  th e  im p o r ta n c e
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o f  s m a l l e r  towns a t  th e  s u b - r e g i o n a l  s c a l e ,  where t h e  r o l e  i s  g r e a t e s t ,  
b e c au se  n o t  o n ly  a r e  t h e  s m a l l e r  c e n t r e s  much l e s s  im p o r t a n t  t o  th e  
r e g i o n a l  l e v e l  t r a n s p o r t  sy s tem  b u t  a t  t h e  r e g i o n a l  s c a l e  i t  i s  
im p o s s ib l e  t o  m easu re  t h e  p a t t e r n  o f  a c c e s s i b i l i t y  t o  t h e  s m a l l e s t  
tow n.
4 .  A.ll t h e s e  s u b - r e g io n s  s h a re  v a r y in g  s o c io -e c o n o m ic  c h a r a c t e r ­
i s t i c s  and e x h i b i t  c o n t r a s t i n g  r o a d  developm ent p a t t e r n s ,  w hich  a re  
s u r p r i s i n g l y  c o m p a ra b le .
F i n a l l y  t o  t e s t  t h e  e f f e c t  o f  th e  l e v e l  o f  a n a l y s i s  a t o t a l  o f  145 
towns have been  i n c l u d e d  a s  v e r t i c e s  f o r  th e  a n a l y s i s  o f  c o n n e c t i v i t y  
and n o d a l  a c c e s s i b i l i t y  i n  th e  f i v e  p o l i t i c a l  d i v i s i o n s ,  a t  t h e  f i r s t  
s t a g e .  T h is  a n a l y s i s  i s  th e n  s h i f t e d  t o  th e  d i s t r i c t  l e v e l  t r a n s p o r t  
n e tw o rk s  t o  m easu re  th e  a b s o l u t e  and n o d a l  a c c e s s i b i l i t y  o f  a l l  ( 202 ) 
towns o f  th e  P a n ja b .
6 .2  C o n n e c t iv i t y
T ab le  6 .1  a - c  p r e s e n t s  t h e  i n f o r m a t io n  on th e  b a s i s  o f  t h r e e  ty p e s  
o f  v e r t e x  ( tow ns w i th  a  p o p u l a t i o n  o f  2 0 ,0 0 0  + , 1 0 ,0 0 0  + and r o a d  
j u n c t i o n s  o n ly )  f o r  a l l  f i v e  p o l i t i c a l  d i v i s i o n s  o f  t h e  P a n ja b .  With 
th e  i n c r e a s e d  number o f  s m a l l e r  s i z e  v e r t i c e s ,  t h e  v a l u e s  o f  to p o lo g ­
i c a l  i n d i c e s  a r e  bound t o  d e c r e a s e ,  a s  i l l u s t r a t e d  i n  T ab le  6 .1  a - c .  
However, th e  g e n e r a l  r a n k s  on th e  t o p o l o g i c a l  s c a l e  r e m a in  s i m i l a r  t o  
t h e  p a t t e r n  w here  o n ly  t h e  l a r g e r  c e n t r e s  were i n c l u d e d .  On th e  
t o p o l o g i c a l  s c a l e ,  h ig h  c o n n e c t i v i t y  i s  found  i n  S a rg o d h a  and M ultan  
d i v i s i o n s  f o l l o w e d  by L ahore  and R a w a lp in d i .  B ahaw alpur i s  th e  l e a s t  
c o n n e c te d  d i v i s i o n  when m easu red  on th e  b a s i s  o f  l a r g e  v e r t i c e s  
( tow ns o f  2 0 ,0 0 0  + ) .
T h is  o r d e r  i s  changed  f o r  t h e  Gamma in d e x  ( b a s e d  on r o a d  j u n c t i o n s  
as  v e r t i c e s )  on w hich S arg o d h a  d i v i s i o n  r a n k s  l o w e s t  ( s e e  T ab le  6 . 1 c ) .  
T h i s  i n d i c a t e s  t h a t  i n  S arg o d h a  t h e r e  a r e  s u f f i c i e n t  l i n k s  t o  c o n n e c t  
t h e  m a jo r  towns b u t  t h e  r a t i o  o f  l i n k s  betw een th e  r o a d  j u n c t i o n s  i s  
low . T h is  i s  p ro b a b ly  due t o  t h e  l a c k  o f  m inor b r i d g e s  a c r o s s  th e  
r i v e r s .  I n  c o n t r a s t ,  L ahore  d i v i s i o n  m a in ta in s  h ig h  s c o r e s  f o r  i t s  
s m a l l  s i z e  towns b e c au se  o f  i t s  compact s h a p e .  B ahaw alpur d i v i s i o n  
h a s  th e  l o w e s t  c o n n e c t i v i t y  s c o r e s  on a l l  t o p o l o g i c a l  i n d i c e s ,
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T a b le  6 ,1  
DIVISION LEVEL PATTERN OF CONNECTIVITY 
BY TOPOLOGICAL AND METRICATED INDICES.
( a )  v  = Town w i th  p o p u l a t i o n  o f  2 0 ,000  +
*
I n d i c e s R aw alp in d i Sargodha Lahore M ultan Bahawalpur
Edges 15 32 21 30 8
V e r t i c e s 11 16 13 17 8
C y c lo m a t ic  Number 5 17 9 14 1
A lpha In d ex 29 .4 1 62 .96 4 2 .8 6 48 .2 7 9 .09
B e ta  In d e x 1 .3 6 2 .0 0 1 .6 1 1 .76 1 .0 0
Gamma In d e x  (%) 55 .5 5 76 .19 6 3 .6 4 66 .67 4 4 .4 4
T h e ta  I n d e x  (A c t) 132 .63 103 .37 9 3 .3 0 95 .59 124 .62
T h e ta  In d e x  (EQ) 187 .27 146 .37 142 .86 1 3 7 .7 0 171 .75
E ta  (A c t) 97 .26 5 2 .69 57 .76 54 ,17 12 4 .62
E ta  (EQ) 137 .33 73 .19 88 .43 78.03 171 .75
Road l e n g t h  (A c t) 1459 1686 1213 1625 997
Road l e n g t h  (EQ) 2060 2342 1857 2341 1374
T o t a l  pop . ( '0 0 0 ) 5671 8980 9795 9508 3553
U rban  pop . ( '0 0 0 )  
T o t a l  pop . p e r  r o u t e
1343 2071 3637 1531 598
m ile
U rban pop , p e r  r o u t e
4089 5326 8075 5851 3564
m ile 920 1228 2998 942 600
Ai ( a c c e s s i b i l i t y ) 2 9 .3 3 3 .0 2 5 .0 4 9 .0 2 0 .0
I . T . C i r c u i t y  (%) 293 220 210 307 279
% change i n  Acc. 53 .66 44 .0 0 6 1 .2 9 55 .22 55 .56
T o p o lo g ic a l  d i a m e te r 7 5 4 7 6
A rea  ( s q .  m i l e s ) 11 ,206 17,095 8 ,907 24 ,826 17 ,508
D e n s i ty  ( p e r  s q ,  m i l e )  506 
( b )  v  = Town w i th  p o p u l a t i o n  o f
525 
1 0 ,000  +
1100 383 203
*I n d i c e s R aw alp in d i Sargodha L ahore M ultan Bahawalpur
Edges 32 70 62 53 13
V e r t i c e s 25 38 37 32 13
C y c lo m a tic  Number ( / O 8 33 26 22 1
A lpha  In d e x  ( K  ) 17 .7 7 4 6 .48 3 7 .6 8 37 .29 4 .7 6
B e ta  In d e x 1 .2 8 1 .8 4 1 .6 7 1 .6 6 1 .0 0
Gamma I n d e x 4 6 .3 8 6 4 .81 59 .0 5 58 .89 39 .3 9
T h e ta  (A c t) 58 .36 44 .37 3 2 .7 8 50 .78 76 .79
T h e ta  (EQ) 82 .4 0 61 .63 50 .1 9 73.16 10 5 .69
E ta  (A c t) 4 5 .5 9 24 .0 8 1 9 .5 6 30 .60 76 ,69
E ta  (EQ) 6 4 .3 9 33.46 2 9 .9 5 44 .17 10 5 .69
Ai ( a c c e s s i b i l i t y ) 102 138 120 137 50
ITC (%) (A i) 425 373 333 442 417
Change 4 7 .3 0 39 .05 50 .63 47 .76 4 3 .2 4
T o p o lo g ic a l  d ia m e te r 11 8 7 12 10
Mean A s s . No.
For  e x p l a n a t i o n  o f
8 .12  
I n d i c e s  see
7 .10  
Appendix *A1
5 .5 4 8.87 8 .0 0
Table 6.1 continued
( c )  v  = Road J u n c t i o n s  o n ly
I n d i c e s R aw alp in d i S a rgodha Lahore M ultan Bahawalpur
Edges 175 235 208 270 113
V e r t i c e s 125 143 124 162 80
C y c lo m a tic  Number 51 93 85 109 34
A lpha In d e x 2 0 .8 1 33 .06 3 4 .9 8 34 .17 2 1 .9 4
B e ta  In d e x 1 .4 0 1 .6 4 1 .6 8 1 .6 7 1 .4 1
Gamma In d ex 47 .4 2 3 5 .55 5 6 .83 5 6 .25 4 8 .2 9
T h e ta  (A c t) 1 1 .6 7 1 1 .7 9 9 .7 8 1 0 .03 1 2 .46
T h e ta  (EQ) 1 6 .4 8 1 6 .3 8 1 4 .9 8 1 4 .45 1 7 .1 7
E ta  (A c t) 8 .3 4 7 .17 5 .83 6 .0 2 8 ,82
E ta  (EQ) 11 .7 7 9 .97 8 .93 8 .6 7 1 2 .16
For  e x p l a n a t i o n  o f  I n d i c e s  se e  Appendix 'A '
1 7 2
r e f l e c t i n g  th e  l i n e a r  p a t t e r n  o f  th e  towns w hich  a r e  l o c a t e d  f a r  a p a r t  
w i t h i n  a l a r g e  r e g i o n ,  and w hich shows o n ly  one c i r c u i t  w i th  l a r g e r  
towns ( 2 0 ,0 0 0  + ) .
On th e  b a s i s  o f  t h e  w ide  c o n t r a s t s  i n  t h e  t o p o l o g i c a l  and m e t r i c a t e d  
i n d i c e s  ( s e e  T a b le  6 .1  a - c ) ,  a  number o f  p r e d i c t i o n s  r e g a r d i n g  th e  
p a t t e r n  o f  n o d a l  a c c e s s i b i l i t y  can  be made. I t  i s  p r e d i c t e d  t h a t  t h e  
o v e r a l l  p a t t e r n  o f  n o d a l  a c c e s s i b i l i t y  i n  a l l  t h e s e  f i v e  r e g i o n s  w i l l  
d i f f e r .  Where r e g i o n s  have  h ig h  t o p o l o g i c a l  c o n n e c t i v i t y  s c o r e s  th e y  
w i l l  have t h e i r  towns w e l l  c o n n e c te d  w i t h i n  t h e  r e g i o n  and t h e n  t o  t h e  
w hole  s y s te m . I t  i s  a l s o  e x p e c te d  t h a t  t h e  n o d a l  a c c e s s i b i l i t y  w i l l  
show a c l o s e r  r e l a t i o n s h i p  w i th  u r b a n  g ro w th ,  i n  t h e  r e g i o n s  w i th  h ig h  
t o p o l o g i c a l  c o n n e c t i v i t y  s c o r e s .
6 .3  Nodal A c c e s s i b i l i t y
U sing  S h im b e l 's  M a t r ix ,  t h e  n o d a l  a c c e s s i b i l i t y  h a s  been  computed 
f o r  a l l  r e g i o n s  s e p a r a t e l y  and t h e i r  n o d a l  v a lu e s  a r e  compared w i t h i n  
th e  r e g i o n s .  I n  R a w alp in d i  d i v i s i o n  Chakwal, c o n n e c te d  w i th  70 l i n k s  
t o  a l l  24 towns i s  t h e  most a c c e s s i b l e  town, w h i l e  G u rg h a s h t i  i s  th e  
r e m o t e s t .  S i m i l a r l y ,  J h a n g ,  S h e ik h u p u ra ,  Khanewal and C h i s h t i a n  a re  
t h e  m ost a c c e s s i b l e  towns o f  S a rg o d h a ,  L a h o re ,  M u ltan  and Bahawalpur 
d i v i s i o n s  r e s p e c t i v e l y  ( s e e  T ab le  6 . 2 ) .  A l l  t h e s e  a c c e s s i b l e  towns 
v a r y  a c c o r d in g  t o  a g e ,  s i z e  f u n c t i o n  and g ro w th .  T h is  s u g g e s t s  t h a t  
t h e i r  h ig h  a c c e s s i b i l i t y  w i t h i n  t h e  r e g i o n  h a s  d i f f e r e n t  o r i g i n s .  
S i m i l a r l y ,  t h e  o n ly  common c h a r a c t e r i s t i c  t h a t  t h e  l e a s t  a c c e s s i b l e  
towns have seems s u p e r f i c i a l l y  t o  be t h e i r  r e m o te n e s s .  The l a c k  o f  a  
s y s t e m a t i c  r e l a t i o n s h i p  be tw een  a c c e s s i b i l i t y  and  o t h e r  u rb a n  c h a r a c ­
t e r i s t i c s  m igh t s u g g e s t  t h a t  th e  p a t t e r n s  o f  i n t e r r e l a t i o n s h i p  which 
were shown t o  e x i s t  f o r  t h e  l a r g e r  towns do n o t  h o l d  a t  t h i s  low er  
l e v e l .  T h is  q u e s t i o n  may be c l a r i f i e d  f u r t h e r  by s t u d y i n g  th e  n o d a l  
p a t t e r n  o f  a c c e s s i b i l i t y  a t  d i v i s i o n  l e v e l .
T a b le  6 , 1b shows t h a t  t h e r e  a r e  some i n t e r e s t i n g  c o n t r a s t s  be tw een
See A ppendix  'A* f o r  d e f i n i t i o n s  and m easures
**
For m a t r i c e s  s e e  Appendix  'G*
t h e  r e g i o n s  i n  te rm s  o f  n o d a l  a c c e s s i b i l i t y .  The ' A i 1' v a r i e s  from  
50 (B ahaw alpu r)  t o  138 (S a rg o d h a )  showing a v a r y i n g  amount o f  a v e ra g e  
t o p o l o g i c a l  edges  c o v e re d  from  one node t o  a l l  o t h e r s  i n  t h e  n e tw o rk .  
Though t h e  h i g h e r  v a lu e s  r e f l e c t  t h e  l a c k  o f  d i r e c t  s h o r t e s t  p a th s  
be tw een  th e  nodes  i n  t h e  n e tw o rk ,  m o s t ly  due t o  t h e i r  rem o te  l o c a t i o n ,  
a t  t h i s  l e v e l  o f  a n a l y s i s  t h i s  d i f f e r e n c e  c a n n o t  be compared be c au se  
o f  t h e  v a r i a t i o n  i n  th e  number o f  v e r t i c e s .
To o b t a i n  t h e  o v e r a l l  c o n n e c t i v i t y  o f  t h e  no d es  i n  t h e i r  r e s p e c t i v e  
r e g i o n a l  n e tw o rk s ,  t h e s e  c o n t r a s t s  can  be f u r t h e r  d i s t i n g u i s h e d  by th e  
A s s o c ia t e d  Number w hich m easu res  th e  a c c e s s i b i l i t y  o f  a  v e r t e x  t o  i t s  
m ost d i s t a n t  v e r t e x  i n  t h e  n e tw o rk .  F ig u re  6 ,1 c  e x p l a i n s  t h e  p o s i t i o n  
o f  t h e  r e g i o n s  i n  te rm s  o f  t h e  v a r i a t i o n s  i n  th e  number o f  edges  needed  
t o  c o n n e c t  t h e i r  m ost d i s t a n t  v e r t i c e s  w i t h i n  th e  r e s p e c t i v e  n e tw o rk s .  
The A s s o c ia t e d  Numbers a r e  marked a lo n g  th e  h o r i z o n t a l  a x i s  and th e  
h e i g h t  o f  t h e  v a r i o u s  columns i n d i c a t e  th e  f r e q u e n c y  f o r  each  A s s o c ia t e d  
Number i n  t h e  f i v e  r e g i o n s ,  w hich  g iv e s  a  g e n e r a l  i m p r e s s io n  o f  t h e  
amount o f  v a r i a t i o n  i n  t h e  a c c e s s i b i l i t i e s  o f  th e  v e r t i c e s  o f  t h e  
n e tw o rk s .  The f re q u e n c y  d i s t r i b u t i o n  f o r  M ultan  i n d i c a t e s  t h e  e x i s t e n c e  
o f  a  l a r g e r  number o f  t o p o l o g i c a l  edges  betw een d i s t a n t  v e r t i c e s ,  
w h e reas  t h e  f r e q u e n c y  d i s t r i b u t i o n  f o r  Lahore i s  h ig h  on t h e  A s s o c ia t e d  
Numbers o f  s m a l l e r  to w n s .  The Mean A s s o c ia t e d  Numbers f o r  Lahore  
d i v i s i o n  ( 5 .5 4 )  s u g g e s t  a c o m p a r a t iv e ly  h ig h  l e v e l  o f  a c c e s s i b i l i t y .
I t  i s  t h e n  f o l lo w e d  by S arg o d h a  ( 7 , 1 0 ) ,  The r e m a in in g  t h r e e  r e g i o n s  
w i th  a  Mean A s s o c i a t e d  Number o f  more t h a n  8 .0 0  c a n  be c l a s s i f i e d  as 
r e g i o n s  o f  low l e v e l  a c c e s s i b i l i t y .  I n  a r e g i o n  w here  t h e  towns a r e  
w e l l  i n t e r - c o n n e c t e d ,  a  h i g h e r  p o p u l a t i o n  change can  be e x p e c t e d .
By com paring  t h e  a c c e s s i b i l i t y  o f  t h e  towns w i t h i n  t h e  r e g i o n ,  a 
number o f  f a c t o r s  seem t o  be c o n t r i b u t i n g  c o l l e c t i v e l y  to w a rd s  th e  
a c c e s s i b i l i t y  s c o r e s  o f  t h e s e  tow ns . Among th e s e  t h e  most im p o r ta n t  
a r e  th e  a d m i n i s t r a t i v e  f u n c t i o n s ,  s i z e ,  age and p o p u l a t i o n  change o f  
t h e  to w ns . To s o r t  o u t  t h e i r  c o l l e c t i v e  i n f l u e n c e ,  t h e  i n d i c e s  o f  
n o d a l  a c c e s s i b i l i t y  make p o s s i b l e  th e  t e s t i n g  o f  a  number o f  h y p o th e s e s  
i n  w hich  a c c e s s i b i l i t y  i s  i n t e r r e l a t e d  w i th  th e  v a r i a b l e s  o f  ch an g e .
( i )  P o p u l a t i o n  changes  a r e  r e l a t e d  w i th  th e  a c c e s s i b i l i t y  and t h i s
Ai = P e r  v e r t e x  a v e ra g e  a c c e s s i b i l i t y  o f  t h e  n e tw o rk
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r e l a t i o n s h i p  i s  more s i g n i f i c a n t  i n  t h e  r e g i o n s  o f  h i g h e r  l e v e l  
a c c e s s i b i l i t y .
( i i )  A c c e s s i b i l i t y  h a s  a s i g n i f i c a n t  im p a c t  on th e  r e l a t i o n s h i p  
be tw een  p o p u l a t i o n  s i z e  and ch a n g e ,
( i i i )  A c c e s s i b i l i t y  i s  n o t  e q u a l l y  r e l a t e d  w i th  t h e  v a r i a b l e s  o f  
change i n  a l l  r e g i o n s .
The a n a l y s i s  o f  t h e  l a r g e r  towns i n  t h e  p r e v io u s  c h a p t e r s  s u g g e s te d  
t h a t  t h e r e  i s  a s i g n i f i c a n t  r e l a t i o n s h i p  betw een s t r u c t u r e  o f  t r a n s p o r t  
and a number o f  v a r i a b l e s  o f  u rb a n  g ro w th .  However, i t  h a s  been  
shown above t h a t  s u p e r f i c i a l l y  t h e s e  r e l a t i o n s h i p s  do n o t  a p p e a r  to  
h o l d  f o r  t h e  s m a l l e r  to w n s .  The s u b s e q u e n t  a n a l y s i s  t r i e s  t o  s e e  how 
f a r  such  a s u p e r f i c i a l  judgem ent i s  v a l i d .
6 .4  Com parison
A lthough  th e  n o d a l  a c c e s s i b i l i t y  o f  each  town c a n  be compared w i t h i n  
th e  r e g i o n ,  i t  i s  n o t  p o s s i b l e  t o  compare d i r e c t l y  t h e  n o d a l  a c c e s s ­
i b i l i t y  o f  a town i n  one r e g i o n  w i th  t h a t  o f  a town i n  a n o th e r  r e g i o n ,  
b e c a u se  t h e  r e g i o n s  d i f f e r  i n  s i z e  and number o f  c e n t r e s .  To d e r i v e
c o m p a r a b i l i t y  be tw een  th e  r e g i o n s  t h e  a c c e s s i b i l i t y  i n d i c e s  o f  each
*
node h a s  been  s t a n d a r d i s e d  by th e  In d e x  o f  T o p o lo g ic a l  C i r c u i t y  ( IT C ),  
f i r s t  m o d if ie d  and u s e d  by Bradnock ( 1 9 7 6 ) ,
The v a lu e s  o f  ITC a r e  g iv e n  i n  th e  b r a c k e t s  o f  T a b le  6 . 2 .  These 
v a l u e s  a r e  u s e f u l  t o  compare th e  a c c e s s i b i l i t y  o f  t h e  towns w i t h i n  th e  
r e g i o n s  and a l s o  w i th  t h e  towns o f  o t h e r  r e g i o n s .  The i n t e r n a l  
c o n t r a s t s  can  be a s s e s s e d  by th e  p e rc e n ta g e  v a r i a t i o n s  o f  t h e  most 
and l e a s t  a c c e s s i b l e  towns w i t h i n  t h e  r e g i o n .  The maximum v a r i a t i o n  
i n  Lahore  i s  5 0 .6 3  p e r  c e n t  ( s e e  T ab le  6 , 1 b ) ,  showing t h a t  i t s  m ost 
a c c e s s i b l e  town o f  1 0 ,0 0 0  i s  c o n n e c te d  by a lm o s t  h a l f  th e  number o f  
edges  t h a n  t h a t  o f  i t s  m ost rem o te  o ne . I n  S argodha  t h e  r a t i o  f o r  t h e
by c o n v e r t i n g  them i n t o  a p e r c e n ta g e  o f  t h e  minimum number o f  l i n k s  
n e c e s s a r y  t o  c o n n e c t  each  node d i r e c t l y  w i th  a l l  t h e  o t h e r  n o d e s .
ITC = Ai x  100
Ai ~ 
Ai min
Ai min 
- Mean Acc
-1
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T ab le  6 ,2
DIVISION LEVEL NODAL ACCESSIBILITY OF TOWNS 1 0 ,0 0 0  + 
RAWALPINDI DIVISION
Rank Name Acc (IT C ) Rank Rank Name Acc ( ITC) Rank
1 Chakwal 70 292 9 7 L y a l lp u r 115 311 20
2 G uja rk h an 77 321 34 9 C h in io t 117 316 27
3 R a w alp in d i 79 329 42 10 P i p l a n 118 319 30
3 Dina 79 329 42 10 Darya Khan 118 319 30
3 Khewra 79 329 42 10 Toba T e k s in g h 118 319 30
6 T a lag a n g 83 346 54 13 G o jra 119 322 35
7 Jhe lum 89 371 72 14 S h o rk o t 122 330 46
8 F a te h  Ja n g 90 375 75 15 Ahmad Pur 126 341 49
9 M alakwal 91 379 76 16 Lahan 132 357 60
10 P in d i  Gheb 93 387 81 16 S i l l a n w a l i 132 357 60
11 Mandi Bahaodin 95 396 88 18 M ianw ali 133 359 64
12 Wah Cantonm ent 97 404 97 19 Rabwah 134 362 65
12 K h a r ia n 97 404 97 19 J h a u r i a n 134 362 65
14 M urree 102 425 104 21 M ith a  Tiwana 135 365 68
15 L alam usa 103 429 106 22 Kundi an 138 373 73
16 C am pbelpur 104 433 108 23 Sam undari 141 381 77
16 Dingah 104 433 108 24 T a n d l ia n w a la 143 386 79
18 P in d  Dadankhan 106 442 112 24 Bhalwal 143 386 79
19 H a sa n a b d a l 108 450 117 26 Chak Jhum ra 145 392 82
20 G u j r a t 122 508 127 27 K am alia 146 395 86
21 H azro 125 521 129 27 P i rm a h a l 146 395 86
22 L i l i a  Town 129 537 133 29 J a r a n w a la 147 397 89
23 J a l a l p u r 145 604 137 29 Kot Momin 147 397 89
23 Kunjah 145 604 137 31 Daud Khel 164 443 114
25 G u rg h a s h t i 148 617 140 31 B hera 164 443 114
SARGODHA DIVISION 33 Moch 166 449 116
1 Jhang 91 246 3 34 Musa Khel 167 451 119
2 J a u h a r a b a d 93 251 5 35 L i l l i a n i 177 478 123
3 S ah iw a l 108 292 9 36 Phu la rw an 179 484 125
3 Khushab 108 292 9 37 K alabagh 197 532 132
5 H a d a l i 113 305 17 38 I s a  K hel 233 630 144
5 S arg o d h a 113 305 17
7 B hakkar 115 311 20
177
Table 6.2
Rank Name Acc ( ITC) Rank
LAHORE DIVISION
1 S h e ik h u p u ra 80 222 1
2 G u jran w a la 88 244 2
3 Lahore 89 247 4
4 M uridke 103 286 7
5 Mananwala 104 289 8
6 P a s r u r 105 292 9
6 C huharkana 105 292 9
8 Daska 108 300 14
8 W arburton 108 300 14
10 Kamoke 110 306 19
11 Q i l l a  D id a r -  
s in g h 112 311 20
11 Nankana S a h ib 112 311 20
13 Narang Mandi 113 314 25
13 S h a ra q p u r 113 314 25
15 Bhai P heru 114 317 28
16 Eminabad 117 325 36
17 Gakhar 118 328 39
17 Kot R a d h a k ish a n
00 
1—1 328 39
17 R a ja ja n g 118 328 39
20 L u l l i a n i 119 331 47
21 Kahn a Nau 120 333 48
22 S a n g la  H i l l 123 342 50
22 Narowal 123 342 50
22 Bado M alh i 123 342 50
25 P in d i  B h a t t i a n 128 356 59
26 H a f iz a b a d 129 358 62
26 S hahko t 129 358 62
28 W azirabad 131 364 67
29 S a m b r ia l 132 237 70
30 S i a l k o t 134 372 73
31 Chawinda 137 381 77
32 Jamke 141 392 82
33 Chuni an 143 397 89
33 P a t t o k i 143 397 89
35 K asur 147 408 99
36 A kalgarh 148 411 102
37 S h a k a rg a rh 158 439 111
Continued
Rank Name Acc { ITC) Rank
MULTAN DIVISION
1 Khanewal 96 311 20
2 Mian Channu 97 313 24
3 M ultan 99 319 30
4 V e h a r i 102 329 42
5 J a h a n i a 107 345 53
6 C h ic h a w a tn i 109 352 56
6 K a b irw a la 109 352 56
8 B urew ala 110 355 58
9 M u z a f fa rg a rh 113 365 68
10 M a i l s i 114 368 71
11 Dunyapur 122 394 85
12 S ah iw a l 123 397 89
12 Tulamba 123 397 89
14 Abdul Hakeem 124 400 95
15 A r i fw a la 125 403 96
16 S h u ja ab a d 127 410 101
17 K ehro r 128 413 103
18 Dera Ghazi Khan 134 432 107
19 Kot Addu 135 435 110
20 J a l a l p u r 137 442 112
21 L ie ah 140 452 120
22 P a k p a t t a n 141 455 121
23 Okara 144 464 122
24 Taunsa 160 516 128
25 Jam pur 162 523 130
26 D epa lpu r 167 539 134
27 R e n a la  Khurd 170 548 135
28 H a v a i l i 175 565 136
29 Vehowa 190 613 139
30 R a ja n p u r 102 619 142
31 H u jra 195 629 143
32 B a s i r  Pu r 201 648 145
T ab le  6 ,2
Rank Name Acc ( 'ITC) Rank
BAHAWALPUR DIVISION
1 C h i s h t i a n 32 267 6
2 K h a i rp u r 38 317 28
3 H a s i lp u r 39 325 36
3 Bahawalpur 39 325 36
5 Ahmad P u r  E a s t 42 350 55
6 Khanpur 47 392 82
7 H arunabad 49 408 99
8 Bahawal N agar 51 425 104
9 T r in d a  Sawai 54 450 117
10 Donga Bonga 58 483 124
11 F o r t  Abbas 60 500 126
12 Rahim Y ar Khan 63 525 131
13 S a d iq  Abad 74 617 140
C o n t in u ed
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m ost a c c e s s i b l e  town : th e  l e a s t  a c c e s s i b l e  town i s  3 9 ,0 5  p e r  c e n t  :
60 ,9 5  p e r  c e n t .  T h is  a s p e c t  c o u ld  be f u r t h e r  c l a r i f i e d  by th e  r a n g e  
o f  a c c e s s i b i l i t i e s  be tw een  t h e  m ost and l e a s t  a c c e s s i b l e  towns o f  t h e  
r e g i o n s .  T h is  d i f f e r e n c e  on ITC s c o r e s  w i t h i n  t h e  r e g i o n  i d e n t i f i e s  
a  c o n s i d e r a b l e  c o n t r a s t  i n  t h i s  r e s p e c t .  E x cep t  f o r  L ahore  d i v i s i o n ,  
where t h e  r a n g e  i s  217 p e r  c e n t  and shows c o m p a r a t iv e ly  b e t t e r  i n t e r ­
c o n n e c t i v i t y ,  none o f  th e  r e g i o n s  h a s  t h e  d i f f e r e n c e  i n  a c c e s s i b i l i t y  
be tw een  m ost and l e a s t  a c c e s s i b l e  c e n t r e s  l e s s  t h a n  t h r e e  t im e s .  The 
maximum d i f f e r e n c e  c a n  be s e e n  i n  t h e  Sargodha  r e g i o n  (384  p e r  c e n t )  
showing t h a t  t h e  c e n t r e s  a r e  c o m p a r a t iv e ly  l e a s t  i n t e r - c o n n e c t e d  w i th  
t h e i r  d i v i s i o n  l e v e l  t r a n s p o r t  sy s te m . I t  r e f l e c t s  a  number o f  
r e a s o n s ,  l i k e  t h e  e a s t  to  w e s t  c e n t r a l  l o c a t i o n ,  w here t h e s e  towns a r e  
b e t t e r  c o n n e c te d  t o  t h e  towns o f  o t h e r  r e g i o n s ,  t h a n  i t s  own th ro u g h  
th e  l i n e a r  p a t t e r n .  A no ther  im p o r ta n t  r e a s o n  i s  t h a t  t h e  a r e a  s t r e t c h e s  
a lo n g  t h r e e  r i v e r s  and l a c k  o f  b r id g e s  p u t s  a trem en d o u s  p r e s s u r e  on 
c e r t a i n  l i n k s ,  and th e  r a n g e  betw een  most and l e a s t  a c c e s s i b l e  towns i s  
i n c r e a s e d  by th e  towns i n  rem o te  a r e a s .  These d i f f e r e n c e s  w i l l  be 
w idened  f u r t h e r  by th e  d i s t r i c t  l e v e l  n o d a l  a c c e s s i b i l i t y  o f  th e  r e g i o n .
The r a n g e  be tw een  m ost and l e a s t  a c c e s s i b l e  c e n t r e s ,  w hich  r e f l e c t s  
t h e i r  d e g re e  o f  i n t e r c o n n e c t i v i t y  f o l l o w s  th e  p a t t e r n  o f  n e a r e s t  
n e ig h b o u r  a n a l y s i s  ( s e e  T ab le  2 , 7 a ) .  The r a n g e  i s  low i n  th e  r e g i o n  
o f  L ahore  (217 p e r  c e n t )  w here th e  s p a t i a l  d i s t r i b u t i o n  i s  c l u s t e r e d  
( 1 . 4 5 ) ,  w h e re as  i n  Sargodha  w i th  a  c o m p a r a t iv e ly  d i s p e r s e d  s p a t i a l  
d i s t r i b u t i o n ,  t h e r e  i s  a  h ig h  r a n g e  (384 p e r  c e n t ) .
A c o n s i d e r a b l e  c o n t r a s t  a l s o  a p p e a r s  w h i le  com paring  th e  r e g i o n s  i n  
te rm s  o f  t h e  h i e r a r c h i e s  o f  t h e i r  tow ns , e s t a b l i s h e d  on t h e  b a s i s  o f  
a c c e s s i b i l i t y  w i t h i n  t h e  r e g i o n  and t o  t h e  whole  s y s te m .  Looking a t  
t h e  t e n t h  m ost a c c e s s i b l e  town o f  each  r e g i o n ,  we f i n d  t h a t  i t s  p o s i t i o n  
v a r i e s  from  r e g i o n  t o  r e g i o n  on 'IT C ' h i e r a r c h y  t o  t h e  w hole  sy s te m .
The l e a s t  a c c e s s i b l e  p o s i t i o n  o f  t h e  t e n t h  town c an  be s e e n  i n  Bahawal­
p u r  (1 2 4 th )  fo l lo w e d  by R aw alp ind i  ( 8 1 s t )  and M ultan  ( 7 1 s t )  w h i le  i t  
rem a in s  h ig h  i n  L ahore  ( 1 9 th )  and Sargodha  ( 3 0 t h ) ,  I t  s u g g e s t s  t h a t  
th e  m ost a c c e s s i b l e  c e n t r e s  i n  Sargodha  and L ahore  r e g i o n s  a re  a l s o
Because th e  number o f  towns v a r i e s  from  13 (B ah aw a lp u r)  to  
38 (S a rg o d h a )  and t h e  t e n t h  town i n  t h e  h i e r a r c h y  c a n  be found  
i n  a l l  t h e  r e g i o n s  ( s e e  T ab le  6 , 2 ) ,
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t h e  most a c c e s s i b l e  t o  t h e  w hole  t r a n s p o r t  sy s te m . On th e  o t h e r  h a n d ,  
th e  towns w hich have  h ig h  a c c e s s i b i l i t y  w i t h i n  t h e i r  r e g i o n s  i n  t h e  
r e m a in in g  d i v i s i o n s  a r e  n o t  a c c e s s i b l e  t o  t h e  w hole  s y s te m .  Even th e  
m ost i n a c c e s s i b l e  town o f  L ahore  r e g i o n  ( S h a k a r g a rh )  h o l d s  a  compara­
t i v e l y  h ig h  p o s i t i o n  (111 )  i n  t h e  w hole t r a n s p o r t  s y s te m .  The l e a s t  
a c c e s s i b l e  towns o f  th e  r e m a in in g  r e g i o n s  a l s o  i n c l u d e  t h e  f i v e  l e a s t  
a c c e s s i b l e  towns ( r a n k i n g  betw een  140-145)  o f  t h e  w hole  t r a n s p o r t  
s y s te m . I t  r e f l e c t s  t h e  f a c t  t h a t  i n  s p i t e  o f  th e  l o c a t i o n  o f  th e  
rem o te  towns o f  L ahore  a lo n g  t h e  I n d i a n  b o r d e r  t h e y  a r e  w e l l  c o n n e c te d  
t o  th e  w hole  ( P a n ja b  l e v e l )  t r a n s p o r t  sy s te m , w h e re as  t h e  rem o te  towns 
o f  o t h e r  r e g i o n a l  n e tw o rk s  a r e  a l s o  rem ote  t o  t h e  w hole  sy s te m .
6 .5  C o r r e l a t i o n  A n a l y s i s -
The c o r r e l a t i o n  c o - e f f i c i e n t s  a r e  o b t a in e d  f o r  t h e  f i v e  s u b - r e g io n s  
o f  th e  e n t i r e  r e g i o n  and t h e s e  a r e  b a sed  on th e  f o u r  s e t s  o f  d a t a  o f  
th e  r e g i o n s :
( i )  A c c e s s i b i l i t y  ( i i )  Age o f  t h e  towns s in c e  1881 ( i i i )  P o p u l a t i o n  
s i z e  o f  towns (1971 )  ( i v )  P o p u l a t i o n  change be tw een  1961 -1971 . 
I n i t i a l l y  th e  d e g re e  o f  a s s o c i a t i o n  i s  m easu red  by s im p le  c o r r e l a t i o n  
where t h e s e  v a r i a b l e s  a r e  r e l a t e d  t u r n  by t u r n j  i t  i s  t h e n  f o l lo w e d  
by p a r t i a l  c o r r e l a t i o n  t o  e l i m i n a t e  th e  e f f e c t  o f  one o r  more o t h e r  
v a r i a b l e s ,  w hich  may be i n t e r - r e l a t e d .  Both v a lu e s  f o r  s im p le  and 
p a r t i a l  c o r r e l a t i o n s  a r e  p r e s e n t e d  i n  T ab le  6 . 3 .  The d e g re e  o f  
c o r r e l a t i o n  be tw een  th e  v a r i a b l e s  v a r i e s  c o n s i d e r a b l y  from  one a r e a  t o  
a n o th e r  and s i m i l a r l y  from  one v a r i a b l e  t o  a n o th e r  i n  t h e  r e g i o n s .
A c c e s s i b i l i t y  i s  computed by th e  s h o r t e s t  p a th  m a t r i x  and does n o t  
i n c lu d e  any m e t r i c a t e d  in d e x .  I t  r e f l e c t s  d i r e c t  a c c e s s i b i l i t y  be tw een  
th e  c e n t r e s  o f  s u p p ly  and d i s t r i b u t i o n  o f  t h e  r e g i o n s .  The e x a m in a t io n  
o f  t h e  c o r r e l a t i o n  c o - e f f i c i e n t s  r e l a t i n g  a c c e s s i b i l i t y  t o  t h e  v a r i a b l e s  
o f  c h a n g e ,  show a number o f  c o n t r a s t s  i n  t h e  s u b - r e g i o n s .  The c o r r e ­
l a t i o n  be tw een  a c c e s s i b i l i t y  and age o f  th e  towns i s  h i g h  i n  Sargodha  
and Bahaw alpur d i v i s i o n s  w h i le  i t  i s  n e a r  z e ro  i n  t h e  r e m a in in g  t h r e e  
s u b - r e g i o n s .  I t  a p p e a r s  t o  s u g g e s t  t h a t  i n  S arg o d h a  and  Bahawalpur th e  
p a t t e r n  o f  h ig h  a c c e s s i b i l i t y  t e n d s  tow ards  o ld  to w n s .  A lthough  t h i s  
c o r r e l a t i o n  i s  h ig h  i n  bo th  r e g i o n s ,  and t h e y  a r e  o f  s i m i l a r  s i z e ,  th e  
c o r r e l a t i o n  be tw een  a c c e s s i b i l i t y  and s i z e  o f  t h e  towns shows a
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PARTIAL CORRELATION BY DIVISION (TOWNS 1 0 ,0 0 0  +)
R a w alp in d i  S a rg o d h a  Lahore  M ultan  Bahawalpur
- . 0 5 5 .262* - .0 6 5 .049 .596*
- .1 2 8 .091 - .1 5 4 - .1 4 3 .746
.022 .339 - .0 1 9 .045 .370
- .0 6 3 .170 - .0 5 6 - .1 3 1 .650
.341* ..418** .111 .417* .008
.358 .348 .178 .435 - .5 5 9
.283 .379 .039 .420 - .2 0 8
.312 .246 .064 .435 - .6 0 0
.284 .240 .325* - .0 2 1 - .5 0 3
.280 .323 .320 - . 0 0 4 - . 0 0 4
.207 .150 .304 - .0 6 0 - . 5 3 4
.175 .207 .271 - .0 1 7 .267
.185 .451** ,559** ,403* .610*
.217 .390 .571 .421 .754
.280 .547 .615 .370 .620
.285 .481 .616 .387 .767
.285 .260* .231 - .1 7 8 - .3 2 5
.209 .181 .207 - .1 8 6 - .3 7 1
.352 .424 .380 - .0 4 7 .439
.281 .351 .347 - . 0 5 0 .528
- .2 6 5 - . 2 3 9 - .1 4 5 - .3 4 2 * - .8 4 1 * *
- . 2 6 0 - .3 2 2 - .1 3 1 - .3 4 1 - .7 8 0
- .3 3 7 - .4 1 3 - . 3 4 0 - . 3 0 0 - .8 4 4
- .3 2 0 - .4 3 3 - .3 1 1 - . 2 9 4 - .7 9 1
= C o r r e l a t i o n  * '  90% s i g .  o n ly  s im p le
= Accessibility between ** 99% siB- correlation
t h e  towns o f  r e s p .  d i v i s i o n s
= Age o f  t h e  towns s in c e  1881
= S iz e  ( p o p u l a t i o n )  o f  th e  
towns 1971
-  P o p u l a t i o n  change
(1 9 6 1 -7 1 )  i n  p e r c e n ta g e .
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c o n s i d e r a b l e  c o n t r a s t  be tw een  them . T h is  r e l a t i o n s h i p  i s  h i g h ly  
s i g n i f i c a n t  i n  S arg o d h a  i n d i c a t i n g  h ig h  a c c e s s i b i l i t y  i n  l a r g e  towns 
b u t  v e r y  low a s s o c i a t i o n  i n  B ahaw alpur.  T h is  a s s o c i a t i o n  i s  a l s o  h ig h  
i n  R aw alp in d i  and M ultan  ( s e e  T a b le  6 . 3 ) .  By c o r r e l a t i n g  a c c e s s i b i l i t y  
w i th  p o p u l a t i o n  change  (1 9 6 1 -1 9 7 1 ) ,  o n ly  Lahore  shows a  s i g n i f i c a n t  
r e l a t i o n s h i p  w h i le  S a rgodha  and R aw alp ind i  show a low b u t  p o s i t i v e  
r e l a t i o n s h i p ,  i n d i c a t i n g  t h a t  h ig h  a c c e s s i b i l i t y  i s  r e l a t e d  t o  t h e  
p o p u l a t i o n  change d u r in g  th e  l a s t  decade  i n  t h e  r e g i o n s  where t h e  towns 
a r e  w e l l  i n t e r - c o n n e c t e d .  On t h e  o t h e r  hand  B ahaw alpur and M ultan  
(w i th  low i n t e r - c o n n e c t i v i t y )  h av e  low and lo w e s t  n e g a t i v e  c o r r e l a t i o n s  
r e s p e c t i v e l y .
The c o r r e l a t i o n  o f  a c c e s s i b i l i t y  w i th  t h e  v a r i a b l e s  o f  u rb a n  
deve lopm en t shows some i n t e r e s t i n g  c o n t r a s t s  i n  a l l  t h e  r e g i o n s ,  w here  
e x c e p t  S a rg o d h a ,  w hich  shows s i g n i f i c a n t  c o r r e l a t i o n  o f  a c c e s s i b i l i t y  
w i th  b o th  'tow n  age* and ' tow n  s i z e ' ,  no r e g i o n  shows a s i g n i f i c a n t  
c o r r e l a t i o n  o f  a c c e s s i b i l i t y  w i th  more th a n  one v a r i a b l e .  T h is  shows 
t h a t  a c c e s s i b i l i t y  i s  s i g n i f i c a n t l y  r e l a t e d  w i th  ' s i z e ' ,  ' to w n  a g e '  
and 'p o p u l a t i o n  c h a n g e '  i n  t h r e e ,  two and one s u b - r e g io n s  r e s p e c t i v e l y .  
I t  s u g g e s t s  t h a t  e x c e p t  f o r  L ahore  and Bahawalpur d i v i s i o n s  w hich have  
more random c h a r a c t e r i s t i c s  i n  te rm s  o f  r e l a t i o n s h i p  b e tw een  a c c e s s ­
i b i l i t y  and s i z e ,  t h e  p a t t e r n  o f  h ig h  a c c e s s i b i l i t y  i n  t h e  r e m a in in g  
t h r e e  d i v i s i o n s ,  c l o s e l y  c o r r e s p o n d s  w i th  t h e  ' s i z e  o f  th e  t o w n s ' ,  
where  t h e  towns w i th  l a r g e r  p o p u l a t i o n s  have  a l s o  h ig h  s c o r e s  on 
a c c e s s i b i l i t y .
A s i g n i f i c a n t  c o r r e l a t i o n  be tw een  'tow n  s i z e '  and 'a g e  o f  t h e  tow n ' 
i n  S a rg o d h a  and L ahore  f o l lo w e d  by M ultan  and B ahaw alpur d i v i s i o n s ,  
shows t h a t  e x c e p t  R a w a lp in d i ,  th e  towns o f  a l l  t h e  r e g i o n s  a re  s t i l l  
m a i n t a i n in g  t h e i r  p o p u l a t i o n  s i z e  a c c o r d in g  t o  t h e i r  a g e .  The r e l a t i o n ­
s h ip  o f  ' s i z e '  v a r i e s  w i th  each  v a r i a b l e  i n  a l l  t h e  r e g i o n s .  I n  
L ahore  and Bahaw alpur th e  c o r r e l a t i o n  betw een  ' s i z e '  and ' a c c e s s i b i l i t y '  
i s  v e r y  low ( s e e  T a b l e ) ,  b u t  i t  i s  v e ry  h ig h  be tw een  a c c e s s i b i l i t y  and 
town a g e .  However, w h i l e  a c c e s s i b i l i t y  i s  p o s i t i v e l y  c o r r e l a t e d  w i th  
p o p u l a t i o n  change i n  L ahore  i t  shows a n e g a t i v e  c o r r e l a t i o n  i n  
B ahaw a lpu r .  T h i s  s u g g e s t s  t h a t  i n . b o t h  r e g i o n s  m ost o f  t h e  l a r g e r  
s i z e  towns a r e  o l d  and have  low a c c e s s i b i l i t y  b u t  t h e  p o p u l a t i o n  change 
d u r in g  1961-71  i s  h ig h  i n  t h e s e  towns o f  Lahore  b u t  low i n  B ahaw alpu r.
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'Change o f  p o p u l a t i o n  * (b e tw een  1961-71)  i s  s i g n i f i c a n t l y  r e l a t e d  
i n  a l l  t h e  r e g i o n s  b u t  w i th  d i f f e r e n t  v a r i a b l e s ,  show ing v a r y in g  
c h a r a c t e r i s t i c s  o f  t h e  towns and a l s o  a number o f  f a c t o r s  r e s p o n s i b l e  
f o r  t h e  Change d u r in g  th e  p e r i o d .  I n  L ahore  i t  i s  r e l a t e d  w i th  
a c c e s s i b i l i t y ,  i n  S argodha  w i th  ' s i z e *  and i n  R a w a lp in d i  i t  h a s  an 
e q u a l l y  p o s i t i v e  ( w i th  low s i g n i f i c a n c e )  r e l a t i o n s h i p  w i th  a c c e s s i b i l i t y  
and s i z e .  On th e  o t h e r  h a n d ,  i n  M ultan  and Bahaw alpur i t  h a s  a 
n e g a t i v e  c o r r e l a t i o n  w i th  ' to w n  a g e ' .  I t  s u g g e s t s  t h a t  t h e  'c h a n g e s  
o f  p o p u l a t i o n '  i n  a l l  r e g i o n s  n o t  due t o  t h e  same f a c t o r s .  T h is  
d i s s i m i l a r i t y  o f  th e  r e g i o n s  i s  a l s o  a p p a re n t  from  th e  c o r r e l a t i o n s  
o f  t h e  v a r i a b l e s  s e p a r a t e l y .  I n  R aw alp ind i  t h e  h i g h l y  p o s i t i v e  i n t e r -  
c o r r e l a t i o n  can  be se e n  be tw een  ' s i z e * ,  ' a c c e s s i b i l i t y '  and 'p o p u l a t i o n  
c h a n g e '  r e s p e c t i v e l y ,  w h i l e  'a g e  o f  t h e  tow n ' i s  n e g a t i v e l y  c o r r e l a t e d .  
I n  B ahaw alpur t h e  i n d i c a t o r s  o f  h ig h  p o s i t i v e  a s s o c i a t i o n  i s  'a g e  o f  th e  
tow n ' fo l lo w e d  by ' s i z e *  and ' a c c e s s i b i l i t y '  w he reas  'p o p u l a t i o n  change* 
i s  n o t  p o s i t i v e l y  c o r r e l a t e d  w i th  any v a r i a b l e  ( s e e  T a b le  6 , 3 ) ,  I n  
S argodha  th e  s i g n i f i c a n t  c o r r e l a t i o n  can  be se en  be tw een  ' s i z e * ,  
' a c c e s s i b i l i t y '  and 'tow n  a g e ' ,  showing t h a t  t h e  o l d  towns a r e  compar­
a b ly  l a r g e r  and more a c c e s s i b l e ,  w h i le  t h e  r e c e n t  c h a n g es  a r e  n o t  
h i g h e r  i n  t h e s e  to w n s ,  as  t h e  'a g e  o f  t h e  tow n ' i s  n e g a t i v e l y  
c o r r e l a t e d  w i th  p o p u l a t i o n  c h a n g e .  Such ty p e s  o f  anomaly a r e  f u r t h e r  
exam ined th ro u g h  p a r t i a l  c o r r e l a t i o n  a n a l y s i s .
a .  R aw a lp in d i  D i v i s i o n
T a b le  6 .3  shows t h a t  th e  h i g h e s t  p o s i t i v e  c o r r e l a t i o n  i n  th e  d i v i s i o n  
i s  be tw een  ' a c c e s s i b i l i t y '  and ' s i z e  o f  t h e  t o w n ' ,  w hich  i s  r e d u c e d  
w i th  th e  c o n t r o l  o f  'p o p u l a t i o n  c h a n g e ' b u t  re m a in e d  u n a f f e c t e d  by 
c o n t r o l l i n g  w i th  ' tow n  a g e ' .  I t  shows t h a t  i n  t h i s  r e g i o n  much o f  t h e  
a p p a re n t  c o r r e l a t i o n  betw een  ' a c c e s s i b i l i t y '  and 'to w n  s iz e *  depends 
i n  p a r t  on t h e  c o r r e l a t i o n  o f  each  w i th  'p o p u l a t i o n  c h a n g e ' ,  w h i le  
' tow n  a g e '  h a s  no n o t i c e a b l e  e f f e c t  on t h i s  c o r r e l a t i o n  as  i t  i s  a l s o  
e v i d e n t  from  t h e  second  o r d e r  p a r t i a l  c o r r e l a t i o n  c o - e f f i c i e n t  ( + .3 1 2 )  
t h a t  h a s  r e d u c e d  o n ly  due t o  p o p u l a t i o n  change (w hich  h a s  an e q u a l  
d e g re e  o f  a s s o c i a t i o n  w i th  ' a c c e s s i b i l i t y '  and ' s i z e ' ) .  When th e  
f a c t o r  o f  a c c e s s i b i l i t y  i s  c o n t r o l l e d ,  t h e  c o r r e l a t i o n  betw een 'tow n  
s i z e '  and 'p o p u l a t i o n  c h a n g e '  i s  r e d u c e d .  T h is  shows t h e  s i g n i f i c a n t  
e f f e c t  o f  a c c e s s i b i l i t y  on t h i s  r e l a t i o n s h i p .  On t h e  o t h e r  h a n d ,  t h e  
second  o r d e r  c o n t r o l  o f  b o th  ' a c c e s s i b i l i t y *  and ' tow n  a g e ' ,  shows a
v e r y  s l i g h t  d e c r e a s e  i n  th e  c o r r e l a t i o n ,  w h i l e  i t  i n c r e a s e s  w i th  t h e  
c o n t r o l  o f  ' tow n  a g e '  a lo n e .  T h is  i n d i c a t e s  t h a t  t h e  r e c e n t  changes  
i n  t h e  p o p u l a t i o n  o f  t h e  l a r g e r  towns a r e  p o s i t i v e l y  a f f e c t e d  by th e  
' a c c e s s i b i l i t y '  and n o t  by t h e i r  a g e .  Very l i t t l e  e f f e c t  o f  ' tow n  
a g e '  can  be n o t i c e d  on th e  r e l a t i o n s h i p  o f  ' a c c e s s i b i l i t y *  and 
'p o p u l a t i o n  c h a n g e '  b u t  i t s  d e c r e a s e  w i th  t h e  c o n t r o l  o f  ' s i z e '  i s  
more s i g n i f i c a n t ,  A f u r t h e r  d e c r e a s e  (+ .1 7 5 )  w i t h  t h e  i n f l u e n c e  o f  
b o th  ' a g e '  and ' s i z e '  shows t h a t  t h e  a s s o c i a t i o n  b e tw een  'c h a n g e '  and 
' a c c e s s i b i l i t y '  i s  i n f l u e n c e d  by b o th  v a r i a b l e s  o f  ' s i z e  and ' a g e ' ,  
b u t  t h e  fo rm e r  h a s  a  more s i g n i f i c a n t  e f f e c t  on th e  r e l a t i o n s h i p .
A c o m p a r a t iv e ly  weak a s s o c i a t i o n  be tw een  ' s i z e '  and ' a g e '  ( 0 .1 8 5 )  
i s  n o t  a f f e c t e d  e i t h e r  by ' a c c e s s i b i l i t y '  o r  by 'c h a n g e '  and h as  
o b t a i n e d  an even  more s t a t i s t i c a l l y  s i g n i f i c a n t  p o s i t i o n  ( .2 8 5 )  by 
t h e  c o n t r o l  o f  b o t h .  T h is  i d e n t i f i e s  th e  s t r e n g t h  o f  ' s i z e *  and ' a g e '  
i n  t h e  r e g i o n .  S i m i l a r l y  on t h e  n e g a t i v e  c o r r e l a t i o n  be tw een  ' a g e '  
and 'c h a n g e '  t h e  e f f e c t  o f  ' s i z e '  i s  more s i g n i f i c a n t  t h a n  th e  e f f e c t  
o f  ' a c c e s s i b i l i t y * ,  w h e re ,  w i th  t h e  c o n t r o l  o f  ' s i z e '  t h e  c o r r e l a t i o n  
becomes i n c r e a s i n g l y  s i g n i f i c a n t  ( s e e  T a b le  6 . 3 ) .
b .  S a rg o d h a  D i v i s i o n
Among t h e s e  f o u r  v a r i a b l e s  th e  im pac t  o f  a c c e s s i b i l i t y  i n  th e  r e g i o n  
can be o b s e rv e d  on th e  i n t e r - c o r r e l a t i o n  o f  a l l  t h e  r e m a in in g  t h r e e  
v a r i a b l e s .  The m ost s i g n i f i c a n t  im pac t  can  be o b s e rv e d  on t h e  n e g a t i v e  
a s s o c i a t i o n  o f  ' a g e '  and 'change*  where t h e  f i r s t  o r d e r  p a r t i a l  c o n t r o l  
o f  a c c e s s i b i l i t y  makes i t  s t a t i s t i c a l l y  more s i g n i f i c a n t  ( - . 3 2 2 )  and 
w i th  th e  a d d i t i o n  o f  second  o r d e r  p a r t i a l  c o n t r o l  o f  ' s i z e '  t h e  
c o r r e l a t i o n  f u r t h e r  moves down ( - . 4 3 3 ) ,  I t  shows c o m p a r a t iv e ly  more 
i n f l u e n c e  o f  ' s i z e *  th a n  ' a c c e s s i b i l i t y ' ,  on th e  r e l a t i o n s h i p .  
F u r th e rm o re ,  th e  im p a c t  o f  a c c e s s i b i l i t y  on th e  c o r r e l a t i o n s  o f  ' s i z e '  
w i th  'c h a n g e '  and 'age*  i s  a l s o  e v id e n t  and i s  more e f f e c t i v e  th a n  
t h e  second  o r d e r  p a r t i a l  c o n t r o l s  o f  ' a g e '  and 'c h a n g e '  r e s p e c t i v e l y .
The e f f e c t  o f  s i z e  on th e  i n t e r - c o r r e l a t i o n s  o f  t h e  v a r i a b l e s  
becomes a p p a r e n t  by exam in ing  T ab le  6 . 3 ,  I t  i s  e q u a l l y  g r e a t  on th e  
c o r r e l a t i o n s  o f  ' a g e '  w i t h  'c h a n g e '  and ' a c c e s s i b i l i t y ' ,  showing 
c o m p a r a t iv e ly  l i t t l e  im p a c t  on th e  c o r r e l a t i o n  be tw een  ' a c c e s s i b i l i t y '  
and 'c h a n g e * .  The im p a c ts  o f  'c h a n g e '  and 'age*  a r e  on ly  ‘e v id e n t  on
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th e  c o r r e l a t i o n  be tw een  ' a c c e s s i b i l i t y '  and ' s i z e ' ,  and show a poor 
r e s p o n s e  to w a rd s  t h e  r e m a in in g  s e t s  o f  c o r r e l a t i o n s .
By com paring  th e  f i r s t  and seco n d  o r d e r  p a r t i a l  c o r r e l a t i o n s ,  th e  
s i g n i f i c a n t l y  i n c r e a s e d  second  o r d e r  p a r t i a l  ( . 4 8 1 ) ,  c l a r i f i e s  th e  
p o s i t i o n  i n  te rm s  o f  r e l a t i o n s h i p  w hich  r e p r e s e n t s  t h e  c o r r e l a t i o n  
c o - e f f i c i e n t  be tw een  ' a g e '  and ' s i z e '  f o r  towns h a v e in g  b o th  t h e  same 
a c c e s s i b i l i t y  and ' c h a n g e 'd u r i n g  1 9 61 -71 . By e x c lu d in g  t h e  v a r i a b l e  
o f  a c c e s s i b i l i t y  t h e  f i r s t  o r d e r  h i g h e s t  p a r t i a l  c o r r e l a t i o n  ( .5 4 7 )  
r e p r e s e n t s  t h e  r e l a t i o n s h i p  be tw een  ' s i z e '  and ' a g e '  f o r  t h e  towns 
h a v in g  t h e  same p o p u l a t i o n  c h a n g e s .  On th e  o t h e r  h and  th e  low p a r t i a l  
c o r r e l a t i o n s  (w hich  a r e  n o t  v e r y  c l o s e  to  l i n e a r ,  e i t h e r  i n  g e n e r a l  o r  
w i t h i n  th e  c a t e g o r i e s  o f  t e s t  v a r i a b l e s ) ,  a re  + 0 .0 9 1  and + 0 .1 7 0  f o r  
th e  f i r s t  and second  o r d e r  r e s p e c t i v e l y .  Both o f  t h e s e  r e p r e s e n t  t h e  
c o r r e l a t i o n  c o - e f f i c i e n t s  be tw een  'age* and ' a c c e s s i b i l i t y '  o f  t h e  
towns i n  t h e  r e g i o n ,  b u t  th e y  show w i th  d i f f e r e n t  im p a c t .
The w eakness  o r  a b sen c e  o f  s i g n i f i c a n t  p a r t i a l  c o r r e l a t i o n  betw een  
' a c c e s s i b i l i t y '  and ' a g e '  w i th  th e  c o n t r o l  o f  s i z e ,  s u g g e s t s  t h a t  i n  
s p i t e  o f  th e  h ig h  p o p u l a t i o n  change ( d u r in g  1961 -7 1 )  i n  t h e  new tow ns , 
t h e  o ld  towns a r e  l a r g e r  and a r e  more a c c e s s i b l e  i n  t h e  r e g i o n .
To i d e n t i f y  th e  c o m p a ra t iv e  im p o r ta n c e  o f  t h e  v a r i a b l e s ,  co m p ar iso n s  
betw een  th e  f i r s t  o r d e r  p a r t i a l  c o r r e l a t i o n  a r e  made. The v a lu e  o f  
r i 3 . 4  ( . 3 7 9 )  as  compared t o  T34.1 ( .1 8 1 )  i n d i c a t e s  t h e  im p o r ta n c e  o f  
a c c e s s i b i l i t y  as  compared t o  p o p u l a t i o n  change b u t  t h e  s t r e n g t h  o f  
T23.1 ( . 3 9 0 )  shows l e s s  im p o r ta n c e  o f  a c c e s s i b i l i t y  t h a n  th e  s i z e  o f  
t h e  town T12.3 ( . 0 9 1 ) .
c » L ahore  D i v i s i o n
With t h e  e x c e p t io n  o f  c o r r e l a t i o n  be tw een  ' s i z e *  and ' a g e '  a l l  t h e  
s e t s  o f  c o r r e l a t i o n s  p r e s e n t  a  d i f f e r e n t  p i c t u r e .  The e f f e c t  o f  
a c c e s s i b i l i t y  can  o n ly  be o b s e rv e d  on th e  c o r r e l a t i o n  be tw een  ' s i z e '  
and ' c h a n g e ' ,  w h i l e  ' s i z e '  h a s  a  g r e a t  im p a c t  on th e  c o r r e l a t i o n s  o f  
'c h a n g e '  w i th  ' a c c e s s i b i l i t y '  and 'a g e * .  The i n t r o d u c t i o n  o f  th e  
c o n t r o l s  o f  ' a c c e s s i b i l i t y *  and 'change*  i n c r e a s e  t h e  s t r e n g t h  o f  th e  
c o r r e l a t i o n  be tw een  ' s i z e *  and ' a g e ' ,  w h e reas  t h e  i n t r o d u c t i o n  o f  'age*  
and ' s i z e '  r e d u c e  th e  s t r e n g t h  o f  th e  c o r r e l a t i o n  ( . 2 7 1 )  betw een
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' a c c e s s i b i l i t y *  and ' c h a n g e ' .  T h is  shows th e  im p a c t  o f  b o th  v a r i a b l e s  
and r e p r e s e n t s  a  r a t h e r  weak a s s o c i a t i o n  betw een  ' a c c e s s i b i l i t y '  and 
'c h a n g e '  f o r  th e  towns h a v in g  b o th  th e  same ' a g e '  and ' s i z e ' .  On th e  
o t h e r  hand  th e  i n c r e a s e d  c o r r e l a t i o n  ( , 6 1 6 )  r e p r e s e n t s  a  s t r o n g e r  
a s s o c i a t i o n  be tw een  ' s i z e '  and ' a g e '  f o r  th e  towns w i t h  s i m i l a r  
a c c e s s i b i l i t y  and p o p u l a t i o n  ch a n g e .  I n t e r e s t i n g l y ,  t h i s  s t r e n g t h  o f  
r e l a t i o n s h i p  d i d  n o t  change when a c c e s s i b i l i t y  was e x c lu d e d  ( s e e  
T ab le  6 . 3 ) .
The v a lu e  o f  r l 4 . 3  ( .3 0 4 )  as  compared t o  r l 3 , 4  ( . 0 3 9 )  r e f l e c t s  
t h e  g r e a t e r  im p o r ta n c e  o f  p o p u l a t i o n  change as com pared t o  t h e  s i z e  o f  
t h e  tow ns , w h i l e  on th e  o t h e r  hand  a com parison  be tw een  T23.4 ( .6 1 5 )  
and T34.2 ( . 3 8 0 )  s u g g e s t s  t h a t  i n  th e  r e g i o n  t h e  v a r i a b l e  o f  ' a g e '  i s  
c o m p a r a t iv e ly  more i m p o r ta n t  th a n  p o p u l a t i o n  c h a n g e .
d .  M ultan  D i v i s i o n
T ab le  6 .3  shows t h a t  o n ly  two v a r i a b l e s  o f  'change*  and ' s i z e *  
have  r e d u c e d  th e  c o - e f f i c i e n t s  t o  i n s i g n i f i c a n c e  as  a f i r s t  o r d e r  
p a r t i a l s  and th e  a c c e s s i b i l i t y  does n o t  show any s i g n i f i c a n t  im pac t  
i n  t h i s  r e s p e c t .  The i n c r e a s e  i n  t h e  s t r e n g t h  o f  t h e  c o r r e l a t i o n  
betw een  ' a c c e s s i b i l i t y '  and ' s i z e *  a p p e a rs  w i th  t h e  c o n t r o l  o f  ' a g e ' ,  
r e f l e c t i n g  th e  s i m i l a r  s c o r e s  ( o f  tow ns)  and i n d i c a t i n g  no change i n  
t h e  s t r e n g t h  o f  r e l a t i o n s h i p  w i th  t h e  a d d i t i o n  o f  ' p o p u l a t i o n  ch a n g e '
(+  .4 3 5 )  as  a  second  o r d e r  p a r t i a l  c o n t r o l ,  and w hich  i s  i t s e l f  
n e g a t i v e l y  c o n n e c te d  w i t h  ' a g e '  ( -  .3 4 2 ) .  A s i m i l a r  a s s o c i a t i o n  
( -  .341 )  w i t h  t h e  c o n t r o l  o f  a c c e s s i b i l i t y  shows t h a t  t h e  n e g a t i v e  
r e l a t i o n s h i p  be tw een  ' a g e '  and 'c h a n g e '  i s  u n a f f e c t e d  by a c c e s s i b i l i t y ,  
b u t  th e  a d d i t i o n  o f  ' s i z e *  as  a  second  o r d e r  p a r t i a l  c o n t r o l  moves th e  
c o r r e l a t i o n  to w a rd s  f u r t h e r  i n s i g n i f i c a n c e  ( -  . 2 9 4 ) .  I t  shows t h a t  
i n  s p i t e  o f  h ig h  p o p u l a t i o n  changes  i n  new to w ns , t h e  a c c e s s i b i l i t y  
i s  h ig h  to w a rd s  th e  l a r g e r  , ! tow ns , which a re  m o s t ly  o ld  ( . 4 0 3 ) .
The s t r e n g t h  o f  th e  p a r t i a l  c o r r e l a t i o n  o f  T 1 3 .4  ( .4 2 0 )  as  
compared t o  r 1 4 .3  ( .0 6 0 )  i n d i c a t e s  th e  much g r e a t e r  im p o r ta n c e  o f  th e  
' s i z e *  as com pared t o  'p o p u l a t i o n  c h a n g e ' ,  i n  t h e  r e g i o n .
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e .  B ahaw alpur D i v i s i o n
T h is  r e g i o n  shows some i n t e r e s t i n g  c o n t r a s t s  i n  th e  r e l a t i o n s h i p s  
p a r t i c u l a r l y  t h e  c o n t r o l  o f  t h e  v a r i a b l e  o f  'age* w hich  h a s  d r a m a t i c a l l y  
changed: t h e  s t r e n g t h  o f  t h e  c o r r e l a t i o n  be c au se  o f  i t s  h i g h l y  s i g n i f i ­
c a n t  a s s o c i a t i o n  w i th  p o p u l a t i o n  change ( -  .8 4 1 )  and th e  c o n t r o l s  o f  
‘ a c c e s s i b i l i t y *  and * s i z e '  do n o t  show any c l e a r  im p a c t .  With th e  
c o n t r o l  o f  ' c h a n g e ' ,  t h e  d e c r e a s e  i n  t h e  c o r r e l a t i o n  be tw een  
' a c c e s s i b i l i t y '  and 'age*  (+  .3 7 0 )  shows th e  e f f e c t  o f  'c h a n g e '  w h i le  
w i th  th e  a d d i t i o n  o f  ' s i z e *  a s  a  second  o r d e r  p a r t i a l  c o n t r o l ,  t h e  
c o r r e l a t i o n  becomes more s i g n i f i c a n t  (+ ,650 )  r e p r e s e n t i n g  s t r o n g e r  
c o r r e l a t i o n  c o - e f f i c i e n t  be tw een  ' a c c e s s i b i l i t y '  and ' a g e '  f o r  t h e  
towns w i th  b o th  s i m i l a r  s i z e  and p o p u l a t i o n  change ( s e e  T a b le  6 . 3 ) ,
The im p a c t  o f  ' c h a n g e '  on th e  c o r r e l a t i o n  c o - e f f i c i e n t  be tw een  
' a c c e s s i b i l i t y '  and ' s i z e *  i s  shown by th e  i n c r e a s e d  c o - e f f i c i e n t  
o b t a i n e d  when th e  v a r i a b l e  o f  'c h a n g e '  i s  c o n t r o l l e d  ( f ro m  .008 t o  
-  .2 0 8 )  when ' a g e '  was i n c l u d e d  as  t h e  second  c o n t r o l  v a r i a b l e  th e  
c o r r e l a t i o n  w ent up  t o  a  s i g n i f i c a n t  l e v e l  ( -  , 6 0 0 ) ,  w hich  r e p r e s e n t s  
an i n v e r s e  l i n e a r  c o r r e l a t i o n  be tw een  ' a c c e s s i b i l i t y *  and ' s i z e '  f o r  
th e  towns h a v in g  a s i m i l a r i t y  i n  b o th  ' a g e '  and ' p o p u l a t i o n  c hange* .
F i n a l l y ,  t o  d i s t i n g u i s h  t h e  e f f e c t  o f  i n d i v i d u a l  v a r i a b l e s  on th e  
c o r r e l a t i o n  o f  t h e  r e m a in in g  p a i r s  o f  v a r i a b l e s ,  t h e  r e g i o n s  a r e  
com pared . T a b le  6 ,3  shows t h a t  t h e  i n f l u e n c e  o f  e a ch  v a r i a b l e  on 
o t h e r s ,  v a r i e s  from  one r e g i o n  t o  a n o t h e r .  The im p a c t  o f  ' s i z e '  on 
th e  r e m a in in g  c o r r e l a t i o n s  i s  e v id e n t  i n  a l l  t h e  r c ig io n s .  On th e  
c o r r e l a t i o n  be tw een  ' a c c e s s i b i l i t y *  and ' a g e '  ( r l 2 . 3 )  ' s i z e *  h a s  
a  c o n s i d e r a b l e  e f f e c t  i n  M u ltan ,  l i t t l e  e f f e c t  i n  R a w alp in d i  and a 
n e g a t i v e  im p a c t  i n  B ahaw alpu r.  S i m i l a r l y ,  i n  c a s e s  o f  r l 4 . 3  and 
T24.3 th e  im p a c t  o f  s i z e  i s  more c l e a r  i n  S arg o d h a  and L ahore  r e s p e c t ­
i v e l y ,  w h i l e  i t  i s  n e g a t i v e  i n  M u ltan .  I t  shows t h a t  t h e  changes  i n  
t h e  r e g i o n s  a r e  n o t  s u b j e c t  t o  one f a c t o r  a lo n e .
1 = A c c e s s i b i l i t y
2 = Age o f  towns
3 = S iz e  o f  towns
4 = P o p u l a t i o n  change 1961-71
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Looking a t  t h e  im p a c t  o f  'c h a n g e '  on t h e  c o r r e l a t i o n s  i t  a p p e a rs  
t h a t  i n  c a s e s  o f  r l 2  and r l 3  i t  i s  s i g n i f i c a n t  i n  Bahaw alpur and i s  
low o r  t o t a l l y  a b s e n t  i n  th e  r e m a in in g  r e g i o n s ,  w h i l e  i n  t h e  c a s e  o f  
r23, o n ly  M ultan  h a s  a p o s i t i v e  i n f l u e n c e .  I t  s u g g e s t s  t h a t  th e  
c o r r e l a t i o n s  i n  b o th  Bahawalpur ( r i 2 ,  13)  and M ultan  ( r23 )  
depend i n  p a r t  on th e  c o r r e l a t i o n  o f  each  w i th  p o p u l a t i o n  ch an g e .
The im p ac t  o f  a c c e s s i b i l i t y  i s  p o s i t i v e  on 34 i n  a l l  t h e  r e g i o n s  
b u t  t h e  r e m a in in g  c o r r e l a t i o n s  ( r23 and T24) a r e  i n f l u e n c e d  by 
a c c e s s i b i l i t y  o n ly  i n  S argodha  r e g i o n .  T h is  r e f l e c t s  i t s  im p o r ta n c e  
i n  th e  a s s o c i a t i o n  o f  ' s i z e '  and 'change*  and th e  c o m p a r a t iv e ly  more 
im p o r ta n t  r o l e  o f  a c c e s s i b i l i t y  p la y e d  i n  t h e  S a rg o d h a  r e g i o n .  The 
e f f e c t  o f  ' to w n  a g e '  i s  o n ly  s i g n i f i c a n t  on r l 3  i n  B ahaw alpur r e g i o n ,  
w hereas  no r e g i o n  shows th e  im p a c t  o f  'tow n  a g e '  on t h e  c o r r e l a t i o n  
be tw een  s i z e  and 'c h a n g e  ( f"34). I t  i n d i c a t e s  a  weak a s s o c i a t i o n  o f  
th e  v a r i a b l e  i n  a l l  t h e  r e g i o n s  e x c e p t  one ,  w here i t  i s  i n v e r s e l y  
c o r r e l a t e d  w i th  ' p o p u l a t i o n  c h a n g e '  a t  a  h i g h l y  s i g n i f i c a n t  l e v e l  
( s e e  T ab le  6 . 3 ) .
Among t h e s e  f o u r  v a r i a b l e s  i t  i s  p o s s i b l e  t o  i d e n t i f y  t h e  i n f l u e n c e
fcU '
o f  ( c o r r e l a t i o n s  o f )  one p a i r  on a n o th e r .  E x c e p t /R a w a lp in d i , where 
1*14 shows th e  maximum n e g a t i v e  im p a c t  on f2 3 ,  i n  a l l  t h e  r e m a in in g  
r e g i o n  r l 2  shows a n e g a t i v e  im p a c t  on T34. On th e  o t h e r  hand , 
p o s i t i v e  i n f l u e n c e  v a r i e s  be tw een  th e  r e g i o n s .  I n  R a w a lp in d i ,  t h e  
p a i r  o f  v a r i a b l e s ,  w hich show th e  g r e a t e s t  i n f l u e n c e  i s  r23 i n  
S arg o d h a  and L ahore  r l 3 ,  w h e reas  i n  M ultan  and B ahaw alpur a r e  f*34 and 
r24 r e s p e c t i v e l y .  T h is  r e f l e c t s  t h e  r e g io n w is e  im p o r ta n c e  o f  th e  
v a r i a b l e s ,  w hich  p l a y  an im p o r ta n t  r o l e  i n  r e d u c in g  th e  s t r e n g t h  o f  th e  
c o r r e l a t i o n  betw een  th e  r e m a in in g  p a i r s  o f  v a r i a b l e s ,  i n  th e  r e s p e c t i v e  
r e g i o n s .
The u s e  o f  t h e  seco n d  o r d e r  p a r t i a l  c o n t r o l s  f o r  a l l  r e g i o n s ,  
changes  t h e  s t r e n g t h  o f  s im p le  c o r r e l a t i o n  f o r  a l l  s i x  p a i r s  o f  
v a r i a b l e s ,  showing b o th  n e g a t i v e  and p o s i t i v e  im p a c t s ,  w hich  a r e  n o t  
s i m i l a r  i n  t h e  r e g i o n s  e i t h e r  i n  v a lu e s  o r  i n  number o f  p a i r s .  The 
p a i r s  showing p o s i t i v e  im p a c t  v a ry  from one ( i n  B ahaw alpur)  t o  f i v e  
( i n  R a w a lp in d i)  w i th  tw o , t h r e e  and f o u r  ( p a i r s )  f o r  M u lta n ,  Lahore 
and S a rg o d h a  r e s p e c t i v e l y .
6.6 District Level Nodal Accessibility
I n  T ab le  6 , 4  t h e  v a lu e s  o f  ITC f o r  t h e  i n d i v i d u a l  no d es  show 
a c c e s s i b i l i t y  t o  t h e i r  own d i s t r i c t  l e v e l  ne tw o rk  e x p r e s s e d  i n  te rm s  
o f  t h e  d e g re e  o f  t h e  c i r c u i t y  o f  i t s  s h o r t e s t  p a th  c o n n e c t io n s  w i th  
a l l  th e  o t h e r  nodes  i n  th e  n e tw o rk .  Here th e  n o d a l  ITC v a lu e s  a re  
compared w i t h i n  t h e  d i s t r i c t s  e s p e c i a l l y  t o  u n d e r s t a n d  th e  e x t e n t  t o  
w hich t h e  towns w i th  im p o r ta n t  f u n c t i o n s ,  h o ld  t h e i r  p o s i t i o n  i n  te rm s  
o f  a c c e s s i b i l i t y  . To u n d e r s t a n d  th e  a c c e s s i b i l i t y  i n  te rm s  o f  l o c a t i o n  
and e f f i c i e n c y  o f  t h e s e  towns w i t h i n  th e  d i s t r i c t s ,  t h e  two n on -  
t o p o l o g i c a l  m a t r i c e s  o f  'd i s t a n c e *  and ' t i m e '  a re  a l s o  i n c l u d e d .
Looking on th e  b a s i s  o f  th e  a v e ra g e  s c o r e s  o f  a l l  t h e  t h r e e  ty p e s  
o f  a c c e s s i b i l i t i e s ,  i t  i s  found  t h a t  i n  n in e  ( o u t  o f  19 )  d i s t r i c t s ,  
t h e  d i s t r i c t  h e a d q u a r t e r s  i s  t h e  most a c c e s s i b l e  tow n, and e x c e p t  f o r  
th e  d i s t r i c t  h e a d q u a r t e r s  o f  L ahore  and Jhe lum  ( r a n k i n g  s i x t h  and 
s e v e n th  r e s p e c t i v e l y ) ,  a l l  t h e  r e m a in in g  d i s t r i c t  h e a d q u a r t e r s  a re  
among th e  f o u r  m ost a c c e s s i b l e  c e n t r e s .  These  i n c l u d e  t h e  d i s t r i c t s  
o f  G u j r a t ,  S a rg o d h a ,  L y a l l p u r ,  S i a l k o t ,  S h e ik h u p u ra ,  M u lta n ,  S ah iw a l  
and Dera Ghazi Khan, where t h e  m ost a c c e s s i b l e  towns a r e  e i t h e r  t e h s i l  
h e a d q u a r t e r s  o r  t h e  o ld  r a i l w a y  j u n c t i o n s  ( l i k e  L a lam usa , and R a iw in d ) . 
They have  b e t t e r  i n t e r n a l  a c c e s s i b i l i t y  t h a n  t h e i r  r e s p e c t i v e  a d m in is ­
t r a t i v e  h e a d q u a r t e r s .  S i m i l a r l y  o n ly  one f o u r t h  (1 9 )  o f  t h e  t e h s i l  
h e a d q u a r t e r s  a r e  n o t  among t h e  f i v e  most a c c e s s i b l e  c e n t r e s .  T h is  
r e f l e c t s  t h e  f a c t  t h a t  w i t h i n  t h e  d i s t r i c t s  th e  towns w i th  a d m i n i s t r a ­
t i v e  f u n c t i o n s  a r e  most a c c e s s i b l e  as compared t o  o t h e r  n o n - a d m in is -  
t r a t i v e  c e n t r e s .  The r e m a in in g  n o n - a d m i n i s t r a t i v e ,  m ost a c c e s s i b l e  
c e n t r e s  a r e  m o s t ly  fo u n d  i n  t h e  d i s t r i c t s  o f  M ia n w a l i ,  L ahore  and 
S h e ik h u p u ra ,  w here t h e s e  a re  w e l l  c o n n e c te d  and h o l d  c o m p a r a t iv e ly  
c e n t r a l  l o c a t i o n s  i n  t h e i r  r e s p e c t i v e  d i s t r i c t s .
To u n d e r s t a n d  th e  e x t e n t  t o  w hich new towns a re  r a n k e d  i n  te rm s  o f  
a c c e s s i b i l i t y  i n  t h e i r  r e s p e c t i v e  d i s t r i c t s ,  i t  i s  p o s s i b l e  t o  i d e n t i f y  
t h e  p o s i t i o n  o f  new towns added i n  1972. Out o f  28 new towns on ly  n in e  
a re  i n c l u d e d  among t h e  f i v e  most a c c e s s i b l e  c e n t r e s  o f  t h e i r  r e s p e c t i v e  
d i s t r i c t s .  I t  shows t h a t  v e r y  few o f  th e  new towns e n jo y  a c l e a r  
a d v a n ta g e  o f  a c c e s s i b i l i t y  and m ost o f  t h e s e  a r e  rem o te  t o  t h e i r  own 
ne tw ork  ( s e e  T a b le  6 . 4 ) .
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T ab le  6 .4
DISTRICT LEVEL RANK ORDER NODAL ACCESSIBILITY 
OF THE TOWNS INCLUDED IN THE CENSUS OF 1972
( i )  R aw alp ind i  D i s t r i c t
1 R aw alp ind i
2 K ahuta
2 G u ja rk h an  
4 Wah Cantonm ent
ITC G u j r a t  D i s t r i c t  C o n t in u ed
100 9 Mangowal
150 10 M alakwal
150 11 J a l a l p u r
175 ( v )  S a rg o d h a  D i s t r i c t
4 M urree 175 1 S hahpu r  S ad a r
Campbelpur D i s t r i c t 2 S hahpu r  S h a h a r
1 Campbelpur 150 3 B halw al
2 H a sa n a b d a l 225 4 S arg o d h a
2 H azro 225 5 Khushab
2 P in d i  Gheb 225 6 J h a u r i a n
5 F a te h  J a n g 237 6 K a l r a
6 Khaur 287 8 S a h iw a l
7 T a lagang 300 9 J a u h a r a b a d
8 Wah Cement Works 325 10 B hera
8 G u rg h a s h t i 325 11 L i l l i a n i
Jhe lum  D i s t r i c t 12 'Kot Momin
1 Chakwal 187 12 P hu la rw an
2 K harakha 200 12 S i l l a n w a l i
3 Khewra 212 15 N a u sh e h ra
4 Bhaun 237 15 S a k e s a r
5 Dina 250 17 F a ru k a
6 Mangla Cantonment 262 18 H a d a l i
7 P in d  Dadankhan 275 18 N urpur
8 Jhe lum 337 20 M iani
9 L i l i a  Town 362 21 Q uaidabad
G u j r a t  D i s t r i c t 22 M ith a  Tiwana
1 Lalam usa 180 ( v i )  M ianw ali D i s t r i c t
2 K h a r ia n 200 1 M ianw ali
2 P h a l i a 200 1 Kundi an
2 Mandi B ahaodin 200 3 L i a q a t  Abad
5 G u j r a t 220 3 P i  p i  an
5 Dingah 220 5 Daud K hel
7 S a r a i  A lam gir 240 6 Moch
7 Kunjah 240 7 K a lu r k o t
ITC
260
290 
310
238
257
271
276
286
295
295
310
343
352
357
367
367
367
376
376
395
414
414
448
486
490
227
227
255
255
273
291 
300
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( v i i )
( v i i i )
( i x )
T a b le  6 
M ianw ali D i s t r i c t  Cont.,
.4  C o n t in u ed  
' ITC Lahore D i s t r i c t  C o n t , ITC
8 Musa Khel 318 12 D ogri K a lan 286
9 K alabagh 345 14 Wan Radharam 307
10 Darya Khan 373 15 Kanganpur 350
11 I s a  Khel 436 (x ) S i a l k o t  D i s t r i c t
12 Bhakkar 464 1 P a s r u r 169
Jhang  D i s t r i c t 2 S i a l k o t 177
1 Jh a n g 167 3 Q i l l a  S o b h a s in g h 208
2 C h i n i o t 183 3 Z a fa rw a l 208
3 Garh M ahara ja 200 3 Daska 208
4 S h o rk o t 217 6 Chawinda 215
5 Rabwah 233 7 Narowal 231
6 Ahmad P u r  S i a l 283 7 S a m b r ia l 231
7 L a i i a n 317 9 Jamke 246
L y a l lp u r  D i s t r i c t 10 K a la sw a la 262
1 Sam undari 125 11 Begowal 269
2 L y a l lp u r 137 11 B hopa lw ala 269
3 T a n d l ia n w a la 150 13 Bado M alhi 277
4 K am alia 162 14 S h a k a rg a rh 323
4 Go j r a 162 ( x i ) G u jran w a la  D i s t r i c t
6 Toba T eks ingh 175 1 G u jran w a la 167
7 J a r a n w a la 187 1 A k a lg a rh 167
7 P irm ah a ; 187 3 H a f iz a b a d 211
9 Chak Jhum ra 212 3 Q i l l a  D id a r s in g h 211
L ahore  D i s t r i c t 5 Eminabad 233
1 Lahore 193 5 W azirabad 233
2 Raiw ind 214 5 Gakhar 233
2 P a t t o k i 214 8 Ramnagar 256
4 Bhai Pheru 221 9 P in d i  B h a t t i a n 300
5 Kahna Nau 236 10 Kamoke 322
6 K asur 243 ( x i i )  S h e ik h u p u ra  D i s t r i c t
6 R a ja ja n g 243 1 S h e ik h u p u ra 155
6 L u l l i a n i 243 2 C huharkana 173
6 Kot R adhak ishan 243 2 Mananwala 173
6 Chuni an 243 4 S h ah k o t 191
11 K hudian 257 5 Nankana S a h ib 218
12 Padhana 286 6 Dhaban S ingh 227
1 9 2
( x i i i )
( x iv )
(x v )
xaDie
S h e ik h u p u ra  D i s t r i c t  C o n t ,
L-ontmuea 
ITC M u z a f fa rg a rh  D i s t ,  C on t, ITC
6 S h a ra q p u r 227 4 L ie ah 225
8 W arburton 236 4 D a i ra  Din Panah 225
8 Kangah Dogran 236 6 K eh ro r 237
10 M uridke 245 6 K o tAAddu 237
10 N arang 245 8 A l i  P u r 287
12 S a n g la  H i l l 300 8 J a t o i 287
M ultan  D i s t r i c t ( x v i )  Dera Ghazi Khan D i s t r i c t
1 M ultan 171 1 J  ampur 212
2 Khanewal 179 2 Kot C hota 225
3 J a h a n i a 193 3 D a ja l 300
4 V e h a r i 207 3 Raj anpur 300
4 K ab irw a l 207 5 Dera Ghazi Khan 312
6 M a iI s i 214 5 Kot M ithan 312
6 Dunya Pur 214 7 T aunsa 325
8 Mian Channu 221 8 R ojhan 400
9 S h u ja a b a d 229 9 Vehowa 412
10 Lodhran 2 3 6 ( x v i i )  B ahaw alpur D i s t r i c t
10 K ehro r  Pakka 236 i B ahaw alpur 167
12 Abdul Hakeem 243 2 S am asa ta 183
13 Burew ala 286 3 Khanpur 217
14 Talamba 293 4 Ahmad P u r  E a s t 233
15 J a l a l p u r  P i r w a la 300 5 Y azman 250
S a h iw a l  D i s t r i c t 6 H a s i l p u r 300
1 O kara 167 7 Uch S h a r i f 317
2 S a h iw a l 1 7 8 (x v ii i )B a h 'a w a l  N agar D i s t r i c t
2 D epa lpu r 178 l Bahawal N agar 167
4 H a v a i l i 189 2 Donga Bonga 183
4 P a k p a t t a n 189 2 C h i s h t i a n 183
6 B a s i r  Pu r 211 4 H arunabad 200
7 R e n a la  Khurd 222 5 M inch inabad 217
8 Hu j r a 233 6 F o r t  Abbas 283
8 A r i f w a la 233 7 S a d iq  Ganj 300
10 C h ic h a w a tn i 267 ( x i x )  Rahim Y ar Khan D i s t r i c t
M u z a f fa rg a rh  D i s t r i c t 1 C hachran 156
1 M u z a f fa rg a rh 163 2 Rahim Y ar  Khan 178
2 Khangarh 175 2 S a d iq  Abad 178
3 S h a h a r  S u l t a n 215 2 Kh anpur 178
T ab le  6 ,4  C o n tin u ed  
Rahim Y ar Khan D i s t .  C o n td , ITC
5 Alah Abad 200
6 T r in d a  Sawai 222
7 Kot Samabah 233
8 L i a q a t p u r  256
8 Ahmad P u r  Lamina 256
8 S a n j a r p u r  256
The ITC v a l u e s  show some i n t e r e s t i n g  c o n t r a s t s  be tw een  th e  d i s t r i c t s  
i n  t h e  e x t e n t  t o  w hich  t h e r e  i s  s i m i l a r i t y  i n  t h e  'n o d a l  a c c e s s i b i l i t y '  
o f  th e  d i s t r i c t s .  I n  M ianw ali and G u jranw a la  d i s t r i c t s  two c e n t r e s  
s h a re  th e  h i g h e s t  d e g re e  o f  a c c e s s i b i l i t y ,  w h e re as  i n  th e  r e m a in in g  
d i s t r i c t s  one node e n jo y s  th e  c l e a r  a d v a n ta g e ,  A co m p a r iso n  be tw een  
t h e  most and se co n d -m o st  a c c e s s i b l e  c e n t r e s  shows a  p ronounced  
d i f f e r e n c e  i n  t h e  a c c e s s i b i l i t y ,  w hich  i s  h ig h  i n  n o r t h e r n  d i s t r i c t s  
o f  Campbelpur and R aw alp in d i  (75 p e r  c e n t  and 50 p e r  c e n t  r e s p e c t i v e l y )  
and low i n  S i a l k o t  and M ultan  (8  p e r  c e n t )  and among t h e  o t h e r  d i s t ­
r i c t s  no one h a s  more t h a n  22 p e r  c e n t .
S i m i l a r l y  t h e  r a n g e  o f  a c c e s s i b i l i t y  o b t a i n e d  th ro u g h  th e  d i f f e r e n c e s  
o f  ITC s c o r e s  betw een  t h e  m ost and l e a s t  a c c e s s i b l e  c e n t r e s  ( i n  th e  
d i s t r i c t s )  can  be compared betw een  th e  d i s t r i c t s  t o  a s s e s s  th e  o v e r a l l  
d e g re e  o f  c o n n e c t i v i t y  w i t h i n  d i s t r i c t  l e v e l  t r a n s p o r t  s y s te m s .  The 
low ra n g e  i s  fo u n d  i n  th e  d i s t r i c t s  o f  R aw alp ind i  (75 p e r  c e n t ) ,
L y a l lp u r  (87 p e r  c e n t ) ,  S ah iw a l  (100  p e r  c e n t )  and Rahim Yar Khan (100 
p e r  c e n t ) .  I t  i s  t h e n  fo l lo w e d  by M u z a f fa rg a rh  (124  p e r  c e n t ) ,
M ultan  (129 p e r  c e n t ) ,  G u j r a t  (130 p e r  c e n t )  and Bahawal N agar (133 p e r  
c e n t ) .  None o f  t h e s e  d i s t r i c t s  shows a d i f f e r e n c e  i n  a c c e s s i b i l i t y  
be tw een  th e  most and l e a s t  a c c e s s i b l e  c e n t r e s  o f  much g r e a t e r  t h a n  
t w i c e ,  showing a c o m p a r a t iv e ly  h i g h e r  deg ree  o f  o v e r a l l  i n t e r - c o n n e c t ­
i v i t y  o f  t h e  towns i n  t h e i r  r e s p e c t i v e  d i s t r i c t  l e v e l  t r a n s p o r t  
sy s te m s .  On t h e  o t h e r  hand  th e  h ig h  r a n g e  o f  200 p e r  c e n t  o r  more can 
be found  i n  t h e  d i s t r i c t s  o f  Dera Ghazi Khan (200  p e r  c e n t ) ,  M ianwali 
(237 p e r  c e n t )  and S arg o d h a  (252 p e r  c e n t ) .
I t  may be c o n c lu d e d  t h a t  i n  t h e  d i s t r i c t  l e v e l  a n a l y s i s  t h e  
r e l a t i o n s h i p  be tw een  a c c e s s i b i l i t y  and a d m i n i s t r a t i v e  f u n c t i o n s  i s  v e ry  
c l e a r .  The r e l a t i o n s h i p  o f  a c c e s s i b i l i t y  w i th  t h e  r e m a in in g  f u n c t i o n s  
( a t  t h e  same s c a l e )  i s  a n a ly s e d  i n  t h e  n e x t  c h a p t e r .
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C h a p te r  7 
DISTRICT LEVEL PATTERN OF CONNECTIVITY
7 .1  I n t r o d u c t i o n
I n  p r e v io u s  c h a p t e r s  some c o n c e p ts  o f  a c c e s s i b i l i t y  w ere  d i s c u s s e d  
and a p p l i e d  to  t h e  P a n ja b  and d i v i s i o n  l e v e l  t r a n s p o r t  n e tw o rk s .  T h is  
may s t a n d  i n  i t s  own r i g h t  a s  an i n t r o d u c t o r y  and v e r y  p a r t i a l  d i s c u s s i o n  
o f  th e  t r a n s p o r t  n e tw o rk  and i t  l a y s  t h e  f o u n d a t io n  f o r  t h e  a n a l y s i s  o f  
m ic ro  l e v e l  c h a n g e .  The re m a in d e r  o f  t h i s  t h e s i s  exam ines  i n  g r e a t e r  
d e t a i l  t h e  n a t u r e  o f  t h e  r e l a t i o n s h i p  betw een a c c e s s i b i l i t y  and th e  
p a t t e r n  o f  u rb a n  c h a n g e .  The deve lopm ent o f  s t a n d a r d i s e d  i n d i c e s  o f  
ne tw ork  s t r u c t u r e  and o f  n o d a l  a c c e s s i b i l i t y  does  make p o s s i b l e  th e  
t e s t i n g  o f  h y p o th e s e s  i n  which so c io -e c o n o m ic  c h an g es  a re  r e l a t e d  to  
th e  l o c a l  ( d i s t r i c t  l e v e l )  s t r u c t u r e  o f  t r a n s p o r t  ne tw o rk  and u rb a n  
a c c e s s i b i l i t y .  H aving  a n a ly s e d  th e  s t r u c t u r e  o f  d i s t r i c t  l e v e l  t r a n s p o r t  
ne tw o rk s  i n  t h i s  c h a p t e r ,  a number o f  h y p o th e s e s  a r e  o p e r a t i o n a l i s e d  i n  
b o th  C h a p te r s  7 and 8 ,
7 .2  The H yp o th eses
E a r l i e r  d i s c u s s i o n  s u g g e s t s  t h a t  th e  changes  i n  t h e  r e g i o n  a r e  due 
t o  t h e  i n t e r a c t i o n  o f  v a r i o u s  im p o r ta n t  f a c t o r s .  D e s p i te  a wide c o n t r a s t  
i n  t h e  s p a t i a l  p a t t e r n s  o f  so c io -e c o n o m ic  c h a n g e ,  a number o f  s p a t i a l  
r e g u l a r i t i e s  may be e c p e c t e d  i n  th e  r e g i o n  o f  t h e  P a n ja b ,  For exam ple , 
t h e  changes  i n  c o n n e c t i v i t y  b ro u g h t  by r o a d  deve lopm en t d u r in g  1931-71 , 
have  p la y e d  an im p o r ta n t  r o l e  i n  t h e  economic d e ve lopm en t o f  th e  whole 
o f  t h e  P a n ja b  and p a r t i c u l a r l y  th e  a r e a s  w i th  r e c e n t  a g r i c u l t u r a l  
de v e lo p m en t .  The a d d i t i o n  o f  r o a d  l in k a g e  i n  an  a g r i c u l t u r a l  r e g i o n  
i n c r e a s e s  t h e  c o m p le x i ty  o f  t h e  n e tw o rk .  I t  p r o v id e s  t h e  p o s s i b i l i t y  
f o r  goods and s e r v i c e s  t o  e n t e r  a r e g i o n  which w i l l  t h e n  c o n t r i b u t e  t o  
t h e  s o c i a l  c o m p le x i ty  o f  t h a t  r e g i o n .  The l i k e l i h o o d  i s  g r e a t  t h a t  
b u s in e s sm e n  w i l l  e s t a b l i s h  th e m s e lv e s  where f a c i l i t i e s  f o r  t r a n s p o r t a t i o n
a re  good. I t  a l s o  e n c o u ra g e s  t h e  b ra n c h e s  o f  d i f f e r e n t  i n s t i t u t i o n s  
l i k e  e n t e r t a i n m e n t ,  com m ercial  and a d m i n i s t r a t i v e .  T h is  i n c r e a s e s  i t s  
a t t r a c t i v e n e s s  t o  th e  p o p u l a t i o n  o f  o t h e r  r e g i o n s  w hich  i n  t u r n ,  l e a d s  
t o  h ig h  g row th  r a t e s  o f  b o th  t o t a l  and u rb a n  p o p u l a t i o n s .  P e o p le  a re  
a l s o  a t t r a c t e d  by r e g i o n s  c h a r a c t e r i s e d  by a h ig h  l e v e l  o f  a d m in is ­
t r a t i v e  c o m p le x i ty  and h a v in g  a h ig h  l e v e l  o f  s o c i a l  o r g a n i z a t i o n  w i th  
t h e  a b i l i t y  t o  p r o v id e  t h e  m ajo r  f a c i l i t i e s ,  w hich may n o t  be 
a v a i l a b l e  from  th e  l e s s  d i f f e r e n t i a t e d  r e g i o n s .  S i m i l a r l y ,  a g r i c u l t u r a l  
m ark e ts  and com m erc ial  e s t a b l i s h m e n t s  p ro v id e  i n t r a  r e g i o n a l  c o m p e t i t io n  
and th e  a v a i l a b i l i t y  o f  a l a r g e  v a r i e t y  o f  goods and s e r v i c e s  i n  v a r i o u s  
p a r t s ,  and , l e a d  t o  i n t e r  and i n t r a  r e g i o n a l  t r a f f i c  and i n t e r a c t i o n .
With t h e s e  p o i n t s  i n  mind t h e  f o l lo w in g  g e n e r a l  h y p o th e s e s  may be 
advanced :
i ,  h i g h e r  changes  i n  c o n n e c t i v i t y  (1 931 -71 )  p o s i t i v e l y  a f f e c t  r e c e n t  
economic and a g r i c u l t u r a l  deve lopm en t,
i i .  r o u t e  s u r p l u s  i s  a s i g n i f i c a n t  f a c t o r  i n  t h e  g row th  o f  m ajor  
towns as w e l l  as t h e  grow th  o f  t o t a l  and u rb a n  p o p u l a t i o n ;
i i i .  th e  a d m i n i s t r a t i v e  f u n c t i o n s  c o n t r i b u t e  to w a rd s  h i g h e r  
c o n n e c t i v i t y  and t r a f f i c  f lo w ;
i v .  th e  e f f i c i e n c y  o f  t r a f f i c  f lo w  h a s  a s i g n i f i c a n t  r e l a t i o n s h i p  
w i th  s o c io  economic and i n d u s t r i a l  f u n c t i o n s ,
7 ,3  T o p o lo g ic a l  S t r u c t u r e  (1971)
The d i s t r i c t  l e v e l  t o p o l o g i c a l  s t r u c t u r e  can  be d i v id e d  i n t o :
A, U rban  c o n n e c t i v i t y  o f  t h e  d i s t r i c t s
B, Nodal c o n n e c t i v i t y  o f  t h e  d i s t r i c t s
A. Urban C o n n e c t iv i ty
T ab le  7 ,1 a  shows th e  t o p o l o g i c a l  i n d i c e s  o f  t h e  a c c e s s i b i l i t y  
f o r  t h e  d i s t r i c t s  o f  t h e  P a n ja b  d e a l i n g  w i th  a t o t a l  o f  202 v e r t i c e s  
( to w n s)  o r  a p p ro x im a te ly  11 p e r  d i s t r i c t .  The number o f  v e r t i c e s  
v a r i e s  from  5 (R a w a lp in d i )  t o  22 (S a rg o d h a )  showing a c o n s id e r a b l e  
c o n t r a s t  be tw een  them . A l l  t h e s e  d i s t r i c t s  have  more t h a n  th e  minimum 
number o f  edges  t o  make a m in im a l ly  c o n n e c te d  n e tw o rk .  A l l  th e  d i s t r i c t s
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have a t  l e a s t  one c i r c u i t  e x c e p t  f o r  Dera Ghazi Khan and B ahaw alpur, 
w hich a r e  e x t r e m e ly  s im p le  w i th  a one b ran ch  ne tw ork  and h a v in g  no 
c lo s e  s e t  o f  l i n e s .  I t  i s  m a in ly  due to  t h e  b ackw ardness  o f  th e  
d i s t r i c t s  where m ost o f  t h e  r o a d  l e n g t h  i s  p a r a l l e l  t o  t h e  r a i l  and most 
o f  t h e s e  v e r t i c e s  a r e  e q u a l l y  c o n n e c te d  by b o th  r a i l  and r o a d s .  T h is  
d i f f e r e n c e  can  be i d e n t i f i e d  w h i le  com paring  'n o d a l*  and 'u r b a n '  con­
n e c t i v i t y  f o r  t h e s e  d i s t r i c t s .  I n  t h e  o t h e r  c e n t r a l  d i s t r i c t s  where 
most o f  th e  r o a d  l e n g t h  i s  n o t  p a r a l l e l  t o  t h e  r a i l w a y j / u ^ p l a y  an 
im p o r ta n t  r o l e  i n  c o n n e c t in g  t h e  towns on r a i l  w i th  t h e  towns away from  
th e  r a i l w a y ,  and i t  makes th e  c o n n e c t i v i t y  v a l u e s  f o r  t h e  d i s t r i c t  h i g h .  
T h is  g r a d u a l  r o a d  deve lopm en t e v o lv e d  from  a s im p le  p a th  t o  a t r e e  and 
th e n  t o  a c i r c u i t  n e tw o rk .  As t h e  c i r c u i t  i s  m e re ly  t h e  end p r o d u c t  
o f  an e v o l u t i o n  th ro u g h  p a th  and t r e e  s t a g e s ,  t h e r e f o r e ,  th e  e x i s t e n c e  
o r  a b sen c e  o f  a c i r c u i t  h a s  much im p o r ta n c e  i n  t h e  c o n n e c t i v i t y .
Looking  a t  t h i s  i n  te rm s  o f  a b s o lu t e  c i r c u i t  c o n n e c t i v i t y  th e  n e tw o rk s  
o f  M u lta n ,  S a rgodha  and S h e ik h u p u ra  d i s t r i c t s  p o s s e s s i n g  more c i r c u i t s  
have a g r e a t e r  d e g re e  o f  c o n n e c t i v i t y  th a n  th e  o t h e r s  and th e  g r e a t e r  
th e  d e g re e  o f  c o m p le te n e s s  be tw een  v e r t i c e s  and a r c s ,  t h e  h i g h e r  i s  th e  
l e v e l  o f  c o n n e c t i v i t y .  At th e  c o m p a r a t iv e ly  low er  end a r e  th e  o t h e r  
c e n t r a l  d i s t r i c t s  o f  L y a l l p u r ,  Mianwali,, S i a l k o t ,  L a h o re ,  M u z a f fa rg a rh  
and S a h iw a l  w i th  f i v e  t o  t e n  c i r c u i t s .  T h is  m easure  g i v e s  a g e n e r a l  
i d e a  a b o u t  th e  c o n n e c t i v i t y  o f  th e  d i s t r i c t s .
For t h e  p u rp o se  o f  u n d e r s t a n d in g  th e  r e l a t i v e  c i r c u i t  c o n n e c t i v i t y  
o f  t h e s e  d i s t r i c t s  t h e  e x i s t i n g  p e r c e n ta g e  o f  th e  p o s s i b l e  numbers o f  
fu n d a m e n ta l  c i r c u i t s  h a s  been  c a l c u l a t e d  by th e  a lp h a  in d e x  )
( s e e  T ab le  7 . 1 a ) ,
At t h e  to p  o f  t h e  s c a l e  t h e r e  a r e  o n ly  t h r e e  d i s t r i c t s  o f  L y a l lp u r ,  
S h e ik h u p u ra  and M ultan  p o s s e s s i n g  more t h a n  50 p e r  c e n t  o f  th e  p o s s i b l e  
numbers o f  fu n d am e n ta l  c i r c u i t s ,  i d e n t i f y i n g  two d i s t r i c t s  o f  Sa rgodha  
and L y a l lp u r  from  t h e i r  v a lu e s  m easured  on th e  * f *~* s c a l e .  The d i s t r i c t  
o f  S a rg o d h a  h a s  a  h ig h  number o f  c i r c u i t s  due t o  i t s  v e r t i c e s  w h i le  
L y a l lp u r  h a s  l e s s  v e r t i c e s  b u t  h i g h e r  ' v a lu e s  i n d i c a t i n g  more 
co m pac tness  o f  i t s  n e tw o r k , th a n  S a rgodha . The low v a l u e s  o f  r e l a t i v e  
c i r c u i t  c o n n e c t i v i t y  f o r  t h e  r e s t  o f  t h e  d i s t r i c t s  i s  due t o  t h e  v a r i o u s  
f a c t o r s  o f  p h y s io g r a p h y ,  s h a p e ,  r e m o te n e s s  and o b s t a c l e s  l i k e  r i v e r s  and 
m o u n ta in s  b u t  th e  p a r a l l e l  r a i l  and ro a d  l i n e s  a r e  m ost i m p o r t a n t .  I n
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T ab le  7 .1 a
DISTRICT LEVEL TOPOLOGICAL INDICES OF THE PANJAB
D i s t r i c t V e P d f i f E Pi Th E P i Th A B
1 R a w alp ind i 5 5 1 2 2 0 .0 1 .0 0 55 .5 96 7.05 96 117 8 .62 117 250 250
2 Campbelpur 9 11 3 4 2 3 .1 1 .2 2 5 2 .4 33 3 .9 0 41 46 5 .3 4 56 225 275
3 Jhe lum 9 12 4 4 23 .1 1 .3 3 57 .1 25 3 .09 33 33 4 .1 4 44 225 300
4 G u j r a t 11 15 5 5 2 9 .4 1 .3 6 55 ,5 21 4 .5 8 29 27 5 .81 36 220 300
5 Sargodha 22 34 13 7 33 .3 1 .5 5 5 6 .7 17 5 .06 26 23 6 .83 35 314 486
6 M ianw ali 12 20 9 4 4 7 .4 1 .6 7 6 6 ,7 21 2 .85 34 30 4 .1 8 50 300 500
7 Jhang 7 7 1 5 1 1 .1 1 .0 0 4 6 .7 56 3 .3 9 56 69 4 .1 5 69 140 140
8 L y a l lp u r 9 17 9 3 6 9 .2 1 .8 9 80 .9 18 3 .91 34 30 6 .5 8 58 300 567
9 Lahore 15 20 6 5 2 4 .0 1 .33 51 .3 10 2 .1 7 14 18 3 .7 5 23 300 400
10 S i a l k o t 14 20 7 5 3 0 .4 1 .4 3 55 .6 18 5 .1 2 26 24 6 .7 2 34 280 400
11 G u jran w a la 10 11 2 5 1 3 .3 1 .1 0 4 5 .8 26 4 .1 4 29 36 5 .7 1 39 200 220
12 S h e ik h u p u ra 12 22 11 4 5 7 .9 1 .83 73.3 16 4 .4 8 30 23 6 .3 9 42 300 550
13 M ultan 15 28 14 5 5 6 .0 1 .8 7 71 .8 18 4 .4 4 34 29 6 .9 6 54 300 560
14 S ah iw a l 10 14 5 4 33 .3 1 .4 0 58 .3 26 4 .4 6 37 39 6 .5 5 54 250 350
15 M.Garh 9 14 6 4 4 6 .1 1 .56 6 6 .7 29 3 .1 0 45 37 3 .9 4 58 225 350
16 D.G.Khan 9 8 0 7 0 0 ,8 9 38 .1 41 1 .4 9 37 65 2 .2 7 58 129 114
17
18
Bahawalpur
Bahawal
7 6 0 5 0 0 .8 6 4 0 .0 55 3 .5 0 47 77 4 .8 7 66 140 120
N agar 7 7 1 5 1 1 .1 1 .0 0 4 6 .7 40 2 .9 9 40 63 4 .6 7 63 140 140
19 R.Y.Khan 10 13 4 4 2 6 .7 1 .3 0 54.16 30 4 .5 8 38 38 5 .9 5 50 250 325
e = l i n k  be tw een  two v e r t i c e s  
v  = towns a c c o r d in g  t o  t h e  c e n su s  o f  1971 
U -  e -  v  + P 
V( = ( /2 v  -  5 )  100
/B -  e / v
V -  ( e / 3 v  -  2) 100 
E = Road l e n g t h / e  
P i=  Road l e n g t h / d m  
Th= Road l e n g t h  /v  
A^ = v / d  100
E = R a i l  and r o a d  l e n g t h / e  
P i=  R a i l  and r o a d  le n g th /d m -  
Th= R a i l  and r o a d  l e n g t h / v  
B = e /d  100
1 9 9
T ab le  7 .1 b  
DISTRICT LEVEL TOPOLOGICAL INDICES
D i s t r i c t s V e PC / E P i Th
1 R a w alp ind i 45 59 15 17 .6 1 .311 4 4 .4 8 .13 7 .05 1 0 .67
2 Campbelpur 26 36 11 2 3 .4 1 .385 4 7 .4 1 0 .19 3 .9 0 14 .11
3 Jhe lum 23 28 6 1 4 .6 1 .2 1 7 4 1 .8 1 0 .6 1 3 .0 9 12 .91
4 G u j r a t 31 44 14 2 4 .6 1 .4 1 9 4 8 .4 7 .18 4 .5 8 10 .19
5 Sargodha 47 71 25 2 8 .0 1 .5 1 0 51 .1 8 .05 5 .0 6 1 2 .17
6 Mi anw ali 35 61 27 4 1 ,5 1 .742 59 .2 6 .7 7 2 .8 5 1 1 .80
7 Jhang 28 30 3 6 . 0 1 .071 36 .6 1 3 .1 0 3 .3 9 14 .03
8 L y a l lp u r 33 58 26 4 2 .6 1 .7 5 7 5 9 .8 5 .33 3 .9 1 9 .36
9 Lahore 37 59 23 3 3 .3 1 .595 54 .1 3 .46 2 .1 7 5 .51
10 S i a l k o t 36 59 24 3 5 .8 1 .6 3 9 5 5 .7 6 .2 5 5 .1 2 1 0 .25
11 G u jran w a la 20 33 14 4 0 .0 1 .6 5 0 56 .9 8 .6 7 4 .1 4 1 4 .3 0
12 S h e ik h u p u ra 31 47 17 2 9 .8 1 .516 51 .6 7 .53 4 .4 8 1 1 .42
13 M ultan 41 61 21 2 7 .3 1 .4 8 8 5 0 .4 8 .4 4 4 ,4 4 12 .56
14 S ah iw a l 52 94 43 4 3 .4 1 .8 0 8 6 1 .0 8 .41 4 .4 6 7 .11
15 M u z a f fa rg a rh 39 65 27 3 7 .0 1 .667 56 .5 6 .2 9 3 .1 0 1 0 .4 9
16 D.G.Khan 30 42 13 2 3 .6 1 .4 0 0 4 7 .7 7 .88 1 .4 4 11 .03
17 B ahaw alpur 33 40 8 1 3 .1 1 .2 1 2 4 1 .2 8 .32 3 .5 0 1 0 .0 9
18 Bahawal N agar 19 28 1 0 30 .3 1 .4 7 4 50 .9 1 0 .03 2 .9 9 1 4 .7 9
19 R.Y.Khan 28 37 10 1 9 .6 1 .321 4 5 .1 1 0 .4 0 4 .5 8 1 3 .75
v = Road J u n c t i o n
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t h i s  c a s e  i t  may be h y p o t h e s i s e d  t h a t  " t h e  g r e a t e r  t h e  p a r a l l e l  r a i l  
and r o a d s  l e n g t h  i n  t h e  r e g i o n ,  t h e  l e s s e r  w i l l  be t h e  p e r c e n ta g e  o f  
t h e  p o s s i b l e  number o f  fu n d a m e n ta l  c i r c u i t s " .
A S p e a rm a n 's  Kho o f  + 0 .727  ( s i g n i f i c a n t  l e v e l  o f  99 p e r  c e n t )  
be tw een t h e  a lp h a  in d e x  and t h e  p e rc e n ta g e  o f  p a r a l l e l  r a i l  and r o a d  
l e n g t h  ( s h o r t e s t  p a t h )  o f  t h e  e d g e s ,  c o n f i rm s  th e  f a c t  t h a t  a l l  th e  
ro a d s  b u i l t  p a r a l l e l  t o  t h e  a l r e a d y  e x i s t i n g  r a i l  n e tw o rk ,  m ight have  
i n c r e a s e d  th e  e f f i c i e n c y  o f  n e tw o rk s  i n  te rm s  o f  t im e  and f r e q u e n c y ,  
b u t  h a s  n o t  i n c r e a s e d  t h e  r e l a t i v e  c i r c u i t  c o n n e c t i v i t y .  On th e  o t h e r  
h an d , t h e  deve lopm en t o f  r o a d s  n o t  p a r a l l e l  t o  t h e  r a i l w a y  l i n e ,  h a s  
i n c r e a s e d  t h e  v a lu e s  o f  t h e  n e tw o rk  by c o n n e c t in g  t h e  a l r e a d y  unconnec­
t e d  towns o r  v e r t i c e s .
The d i s t r i c t s  showing th e  h i g h e s t  v a lu e s  o f  c o n n e c t i v i t y  on th e  
a lp h a  in d e x  (o< ) a r e  L y a l lp u r  ( 6 9 .2  p e r  c e n t ) ,  S h e ik h u p u ra  ( 5 7 .9  p e r  
c e n t )  and M ultan  (56 p e r  c e n t ) ,  have  th e  lo w e s t  p e r c e n ta g e  o f  p a r a l l e l  
r o a d s  o f  z e ro  p e r  c e n t ,  2 .4  p e r  c e n t  and 4 .2  p e r  c e n t  r e s p e c t i v e l y .  On 
t h e  o t h e r  han d  a l l  t h e  d i s t r i c t s  w i th  a h ig h  p e r c e n ta g e  o f  p a r a l l e l  
r o a d s  a r e  Dera Ghazi Khan (52 p e r  c e n t ) ,  B ahaw alpur (71 p e r  c e n t )  and 
Bahawal N agar (78 p e r  c e n t )  h a v in g  v e ry  low c o n n e c t i v i t y  v a l u e s .
As th e  a lp h a  in d e x  does  n o t  m easure  th e  c o n n e c t i v i t y  o f  s im p le  n e t ­
w orks ( w i th o u t  c i r c u i t s )  w hich makes th e  c o m p ar iso n  o f  t h e  c o n n e c t i v i t y  
v a lu e s  be tw een  t h e s e  d i s t r i c t s  d i f f i c u l t  as we have  two d i s t r i c t s  o f  
B ahaw alpur and Dera Ghazi Khan h a v in g  s im ple  n e tw o rk s .  For t h i s  p u rpose  
t h e  B e ta  in d e x  ( /9  ) c an  m easure  t h e  t r e e  and o t h e r  v e r y  s im p le  ne tw o rk s  
on th e  b a s i s  o f  ' t h e  more edges  a : 'ne tw ork  p o s s e s s e s  i n  r e l a t i o n  to  a 
c e r t a i n  number o f  v e r t i c e s ,  t h e  h i g h e r  i t s  l e v e l  o f  c o n n e c t i v i t y ' .
The v a l u e s  o b t a i n e d  on t h e  B e ta  in d ex  f o r  t h e s e  d i s t r i c t s  r a n g e  from
o .86  (B ahaw a lpu r)  t o  1 .8 9  ( L y a l l p u r )  i n d i c a t i n g  a marked c o n t r a s t  
be tw een w e l l  d e v e lo p e d  and backward d i s t r i c t s .
A l l  19 d i s t r i c t s  o f  th e  r e g i o n  can  be d i v id e d  i n t o  f o u r  main g roups  
a c c o r d in g  t o  t h e i r  d e g re e  o f  c o n n e c t i v i t y  m easu red  th ro u g h  ' .
The f i r s t  g roup  c l o s e l y  ro u n d  (/3 ) b e t a  in d e x  o f  ab o u t  0 .9 0  c o n s i s t  
o f  th o s e  d i s t r i c t s  w here t h e  ne tw ork  i s  o n ly  p a r t i a l l y  c o n n e c te d .  I t
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i n c l u d e s  two c o m p a r a t iv e ly  l e s s  d e v e lo p e d  and d i s t a n t  d i s t r i c t s  o f  
Bahawalpur and Dera Ghazi Khan.
The seco n d  g roup  h a v in g  'ft  ' v a lu e s  c lo s e  t o  u n i t y  and w i th  
s im p le  c o n n e c t io n s  ( 1 .0 0  -  1 .2 9 )  i n c l u d e s  t h e  d i s t r i c t s  o f  Bahawal N agar ,  
Jh a n g ,  R a w a lp in d i ,  G u jran w a la  and Cam pbelpur. A l l  t h e s e  d i s t r i c t s  a re  
l o c a t e d  away from  th e  c e n t r e  e x c e p t  f o r  Jhang  and G u jran w a la  which have 
low v a lu e s  m a in ly  due to  t h e i r  sh a p e .
S i m i l a r l y  a t h i r d  g roup  e x h i b i t s  t h e  b e g in n in g s  o f  t h e  deve lopm en t 
i n t e r c o n n e c t i o n s  i n c l u d i n g  s i x  m o s t ly  o ld  s e t t l e d  d i s t r i c t s  o f  Rahim 
y a r  Khan, Jh e lu m , G u j r a t ,  L a h o re ,  S i a l k o t  and S a h iw a l .  A l l  o f  them 
have  a lo n g  h i s t o r y  o f  u r b a n i z a t i o n  b u t  most c h a n g es  have  t a k e n  p la c e  
i n  r e c e n t  d e c a d e s .  These d i s t r i c t s  have th e  ' f t  ' v a l u e s  betw een 
1 .3 0  -  1 .4 0  i n d i c a t i n g  t h e i r  d e v e lo p in g  p o s i t i o n  i n  te rm s  o f  c o n n e c t i v i t y .
F i n a l l y  t h e  f o u r t h  g roup  c o n s i s t s  o f  th e  d i s t r i c t s  w i th  advanced  
i n t e r c o n n e c t i o n s  w hich i n c l u d e  th e  C e n t r a l  newly s e t t l e d  d i s t r i c t s  o f  
M u z a f f a rg a rh ,  S a rg o d h a ,  M ianw ali ,  S h e ik h u p u ra ,  M ultan  and L y a l lp u r  
which have  gone th ro u g h  a r a p i d  change o f  deve lopm en t i n  te rm s  o f  r o a d s ,  
to teJce, : a g r i c u l t u r a l  p roduce  t o  t h e  m a r k e ts .
T ab le  7 .1 a  shows t h a t  a l l  t h e  d i s t r i c t  l e v e l  n e tw o rk s  have th e  
minimum number o f  edges  ( i e .  one l e s s  th a n  th e  number o f  v e r t i c e s )  
needed  to  l i n k  t o g e t h e r  a l l  t h e  v e r t i c e s  o f  t h e  n e tw o rk .  A f t e r  lo o k in g  
a t  th e  c o n n e c t i v i t y  o f  a b s o lu t e  c i r c u i t s ,  r e l a t i v e  c i r c u i t s  and s im p le  
l i n k a g e ,  we a r e  a l s o  i n t e r e s t e d  t o  lo o k  a t  th e  l i n k a g e  c o n n e c t i v i t y  
a c c o r d in g  t o  t h e  number o f  v e r t i c e s  o f  t h e  r e s p e c t i v e  d i s t r i c t s .  Due 
t o  th e  v a r i a t i o n  i n  t h e  number o f  v e r t i c e s  t h e  n e tw o rk s  do n o t  g iv e  
th e  same v a l u e s  by m e a su r in g  w i th  d i f f e r e n t  i n d i c e s .  For exam ple, th e  
n e tw o rk s  o f  Sa rgodha  and S ah iw a l  d i s t r i c t s  have  d i f f e r e n t  v a lu e s  f o r  
' f t  1 b u t  t h e  same f o r  1CK ' in d e x  ( 3 3 ,3  p e r  c e n t )  w hich a r e  a g a in  
d i f f e r e n t  w h i l e  m easured  w i th  'jB ' and ' 'f' i n d i c e s ,  A s i m i l a r  c o n t r a s t  
can  be se en  i n  t h e  v a lu e s  o f  th e  n e tw o rk s  o f  Cam pbelpur and Jhelum  
d i s t r i c t s  w here th e  number o f  v e r t i c e s  and a lp h a  in d e x  v a lu e s  a r e  th e  
same ( 2 3 .1  p e r  c e n t ) b u t  t h e  v a lu e s  f o r  th e  o t h e r  i n d i c e s  a re  d i f f e r e n t  
due t o  t h e  d i f f e r e n c e  i n  t h e  number o f  e d g e s .  th e
im p o r ta n c e  o f  t h e  edge i n  th e  n e tw o rk .
Here th e  m ain  c o n c e rn  i s  t o  compare t h e  d i s t r i c t  l e v e l  n e tw o rk s  by - th e  
r a t i o  o f  t h e  e x i s t i n g  edges  t o  t h e  maximum number o f  edges  p o s s i b l e  i n  
t h a t  n e tw o rk .  For t h i s  p u rp o se  th e  v a lu e s  a r e  m easu red  by ’ Y  ' (gamma) 
in d e x ,  w hich  g iv e s  t h e  r a n g e  v a lu e s  p o s s i b l e ,  f rom  0 t o  1 o r  0 t o  
100 p e r  c e n t  i f  changed  i n t o  p e r c e n ta g e .  The h i g h e r  t h e  in d e x  th e  
g r e a t e r  i s  t h e  c o n n e c t i v i t y  o f  t h e  n e tw o rk .
T ab le  7 .1 a  shows t h a t  o u t  o f  19 d i s t r i c t s  t h e r e  a r e  o n ly  f i v e  t h a t  
have  a gamma in d e x  o f  l e s s  th e n  50 p e r  c e n t  i n  a s c e n d in g  o r d e r  Dera 
Ghazi Khan, B ahaw alpur, G u jran w a l,  Jhang  and Bahawal N agar;  none o f  
t h e s e  d i s t r i c t s  h a s  more t h a n  t e n  v e r t i c e s  ( to w n s)  and t h e r e f o r e  
c o n s i s t  o f  v e r y  sm a l l  n e tw o rk s .  The t h r e e  d i s t r i c t s  o f  Dera Ghazi Khan, 
Bahawalpur and Bahawal N agar a re  l o c a t e d  away from  th e  c e n t r e  o f  th e  
r e g i o n  and come u n d e r  t h e  l a t e r  phase  o f  th e  deve lopm en t w h i le  G u jranw a la  
d i s t r i c t  h o l d s  t h e  c e n t r a l  p o s i t i o n  and i s  w e l l  c o n n e c te d  t o  i t  n e ig h ­
b o u r in g  d i s t r i c t s  as  w e l l  as  to  th e  whole o f  t h e  P a n ja b ,  The shape and 
good c o n n e c t i v i t y  t o  t h e  r e s t  o f  t h e  whole n e tw o rk  h a s  r e d u c e d  th e  
p o s s i b i l i t y  o f  c r o s s  l i n k a g e s  w i t h i n  th e  d i s t r i c t s  o f  Jh an g  and G u jra n ­
w a la .  T h is  can  i n  t h e  c a se  o f  G u jran w a la ,  be s u p p o r t e d  f u r t h e r  by 
exam in ing  and com paring  th e  ' Yt  ' v a lu e s  and ' Yj ' v a lu e s  which a r e  
4 5 .8  p e r  c e n t  and 5 6 .9  p e r  c e n t  r e s p e c t i v e l y .  The d i f f e r e n c e  i n d i c a t e s  
t h a t  i n  t h e  n e tw o rk  t h e  r a t i o  o f  edges  c o n n e c t in g  r o a d  j u n c t i o n s  i s  
h i g h e r  t h a n  th e  r a t i o  o f  edges  c o n n e c t in g  th e  to w n s .
I n  t h i s  c a se  t h e  p o s i t i o n  o f  Jh an g  d i s t r i c t  i s  s l i g h t l y  d i f f e r e n t .
I n  s p i t e  o f  i t s  c e n t r a l  p o s i t i o n  t h e  low d e g re e  o f  l i n k a g e  c o n n e c t i v i t y  
i s  due t o  t h e  p re s e n c e  o f  two r i v e r s  th e  Jhe lum  and t h e  Chenab which 
make th e  i n t e r n a l  i n t e r c o n n e c t i o n s  d i f f i c u l t .  A p a r t  from  t h a t  t h e  
shape  o f  t h e  r e g i o n  i s  an im p o r ta n t  f a c t o r  e f f e c t i n g  t h e  d e g re e  o f  
c o n n e c t i v i t y .  The lo w e s t  v a lu e s  o f  Jhang  d i s t r i c t  on th e  ’Shape in d e x '  
( s e e  C h a p te r  8 ) p r o v id e  g rounds  t o  b e l i e v e  t h a t  a lo n g  w i th  o t h e r  f a c t o r s  
th e  shape  o f  t h e  r e g i o n  h a s  a  s i g n i f i c a n t  e f f e c t  on th e  d e g re e  o f  
c o n n e c t i v i t y .
f r  = Gamma In d e x  b a s e d 'o n 'v  -  town 
Y j = Gamma In d e x  b a sed  on v = J u n c t i o n
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On th e  o t h e r  hand  t h e  d i s t r i c t  o f  L y a l lp u r  i s  c l a s s i f i e d  as h a v in g  
a d e l t a  c o n f i g u r a t i o n  a c c o rd in g  t o  T a a f f e  and G a u t h i e r ' s  (1973) 
s t r u c t u r a l  i n d i c e s .  As much as 8 0 .9  p e r  c e n t  ' ^  ' v a lu e s  i n d i c a t e  t h a t  
th e  d i s t r i c t  h a s  a  h ig h  p r o p o r t i o n  o f  i t s  p o s s i b l e  r o u t e s  l i n k i n g  
p l a c e s  d i r e c t l y  and a l s o  a h ig h  p r o p o r t i o n  o f  p o s s i b l e  co m p le te  c i r c u i t s  
( o( ~ 6 9 .2  p e r  c e n t )  w hich  i n d i c a t e s  i t s  advanced  deve lopm en t i n  th e  
t r a n s p o r t  n e tw o rk s .
Among th e  o t h e r  d i s t r i c t s  w i th  h ig h  c o n n e c t i v i t y  i n d i c e s  on th e  
' Y ' s c a l e  a r e  th e  new ly  s e t t l e d  d i s t r i c t s  o f  S h e ik h u p u ra ,  M ultan ,  
M u z a f f a rg a rh ,  M ianw ali and S a h iw a l ,  l o c a t e d  i n  th e  d o a b s .  These a r e  
c h a r a c t e r i s e d  by th e  r e c e n t  deve lopm en t o f  r o a d s .
So f a r  we have  se en  t h e  d i s t r i c t  l e v e l  p a t t e r n  o f  c o n n e c t i v i t y  w i th
th e  h e lp  o f  f o u r  i n d i c e s  (o( , f t , f t , Y )  s e p a r a t e l y .  I n  s p i t e  o f  a c lo s e
d e g re e  o f  c o r re s p o n d e n c e  betw een  th e  i n d i c e s  t h e  w hole  p i c t u r e  o f
c o n n e c t i v i t y  f o r  a d i s t r i c t  ca n n o t  be o b t a in e d  by one m easure  due to
a v a r i a t i o n  i n  t h e  v e r t i c e s .  A p a r t  from  t h a t  t h e s e  m easu res  do n o t  •
*
i d e n t i f y  t h e  same c o n c e p t  o f  m easurem ent.
I t  i s  c l e a r  from  th e  above d i s c u s s i o n  t h a t  t h e  c o n n e c t i v i t y  o f  t h e s e  
d i s t r i c t s  c a n n o t  be compared by one m easu re ,  as  we a r e  i n t e r e s t e d  i n  
a l l  f o u r  c o n c e p t s  o f  c o n n e c t i v i t y  t o  u n d e r s t a n d  th e  e x a c t  p i c t u r e  o f  
d i s t r i c t  l e v e l  c o n n e c t i v i t y .  T h e r e f o r e  i t  i s  p o s s i b l e  t o  p u t  t h e s e  
v a lu e s  i n  t h e  c o m p o s i te  c o n n e c t i v i t y  s c o r e s  by com pu ting  z - s c o r e s  o f  
f o u r  i n d i c e s  f o r  town b a s e d  c o n n e c t i v i t y  o f  t h e  19 d i s t r i c t s  o f  th e  
P a n ja b .  On th e  b a s i s  o f  CCS th e  P a n ja b  h a s  been  d i v id e d  i n t o  th e  f o u r  
g ro u p s  o f  c o n n e c t i v i t y  and i s  p l o t t e d  on th e  map ( s e e  F ig u re  7 . 1 ) .
I t  shows t h a t  w i th  t h e  e x c e p t io n  o f  two d i s t r i c t s  G u jran w a la  and 
J h a n g ,  a  h i g h e r  d e g re e  o f  d i s t r i c t  l e v e l  c o n n e c t i v i t y  can  be found i n  
t h e  c e n t r a l  doabs ( i n t e r f l u v e s )  o f  th e  r e g i o n  w here o b s t a c l e s  l i k e
1 .  C y c lo m a t ic  number m easu res  o n ly  a b s o lu t e  c i r c u i t  c o n n e c t i v i t y ,
2 .  A lpha I n d e x  m easu res  r e l a t i v e  c i r c u i t  c o n n e c t i v i t y ,
3 .  B e ta  In d e x  g iv e s  t h e  v a lu e s  o f  s im p le  l i n k a g e  c o n n e c t i v i t y .
4 .  Gamma I n d e x  m easu res  r e l a t i v e  l in k a g e  c o n n e c t i v i t y .
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m oun ta in s  do n o t  e x i s t  and r i v e r s  o n ly  p a s s  a lo n g  t h e  boundary  o f  th e s e  
d i s t r i c t s  w hich do n o t  t h e  d e g re e  o f  c o n n e c t i v i t y ,  w i th  a  few
e x c e p t i o n s .  The d e g re e  o f  c o n n e c t i v i t y  d e c l i n e s  to w a rd  th e  n o r th e r n  
h i l l y  d i s t r i c t s  o f  Cam pbelpur, R aw alp ind i  and Jhe lum  i n c l u d i n g  a sm a l l  
number o f  v e r t i c e s  ( to w n s)  and h i l l s  which d e c r e a s e  t h e  d e g r e e .  Among 
th e  c e n t r a l  d i s t r i c t s ,  G u jran w a la  h o ld s  a c e n t r a l  p o s i t i o n  i n  th e  
r e g i o n  b u t  due t o  th e  l o c a t i o n  o f  i t s  tow ns, some on t h e  s t r a i g h t  r a i l  
and ro a d  l i n e  and o t h e r s  on th e  b o r d e r ,  i t  h a s  a c o m p a r a t iv e ly  low v a lu e  
on i n t e r n a l  c o n n e c t i v i t y .  A s.m ost o f  i t s  towns a r e  a lo n g  th e  r i v e r s  
w hich re d u c e  th e  p o s s i b i l i t y  and need  o f  c r o s s  l i n k a g e  and make th e  
d e g re e  o f  c o n n e c t i v i t y  low w i t h i n  t h e  d i s t r i c t  b u t  h ig h  w i t h i n  t h e  
r e g i o n  o f  t h e  P un jab  w hich can  be se en  i n  t h e  p r e v i o u s  a n a l y s i s  o f  th e  
whole  r e g i o n ,  A s i m i l a r  r e a s o n  o f  c e n t r a l  l o c a t i o n  o f  Jh a n g  d i s t r i c t  
p u t s  i t  i n  t h e  lo w e s t  Q u a r t i l e  a lo n g  w i th  th e  o t h e r  m ajo r  r e a s o n s  o f  
r i v e r s  and s h a p e .  For th e  o t h e r  s o u th e r n  d i s t r i c t s  o f  B ahaw alpur,
Bahawal N agar and Dera Ghazi Khan, th e  low d e g re e  o f  g e n e r a l  c o n n e c t i v i t y  
i s  e x p e c t e d ,  as  a l l  o f  t h e i r  towns a r e  on one s t r a i g h t  l i n e  a lo n g  th e  
r i v e r s .
B. Nodal C o n n e c t iv i t y  (v  = J )
I n  t h i s  s e c t i o n  th e  t o p o l o g i c a l  s t r u c t u r e  o f  t h e  d i s t r i c t  l e v e l  
c o n n e c t i v i t y  h a s  been m easu red  by th e  same i n d i c e s  w i th  t h e  change i n  
d e f i n i t i o n  o f  v e r t e x  from  'town* t o  a node ( j u n c t i o n ) ,  which g e n e r a l l y  
p r o v id e s  t h e  ba se  f o r  a new town. R e f e r r in g  back  t o  t h e  main aim o f  t h e  
s tu d y ,  t h a t  i s  t o  f i n d  t h e  r e l a t i o n s h i p  betw een t h e  s t r u c t u r e  o f  t r a n s ­
p o r t  and u rb a n  growth w hich i n c l u d e s  th e  i n c r e a s e  o f  p o p u l a t i o n  i n  o ld  
towns as  w e l l  as  th e  grow th o f  new towns d u r in g  t h e  p e r i o d  o f  ro a d  
deve lopm en t (1 9 3 1 -1 9 7 1 ) .
G e n e r a l ly  r a i l w a y s  a r e  t h e  p r im a ry  modes o f  n a t i o n a l  c o n n e c t io n ,  w h i l e  
r o a d s  s e rv e  p r i m a r i l y  t o  i n t e r c o n n e c t  r e g i o n a l  town s y s te m s .  I n  t h i s  
s t u d y ,  w hich  f o c u s e s  on th e  d i s t r i c t  l e v e l  p a t t e r n  o f  c o n n e c t i v i t y ,  th e  
r o a d  n e tw o rk  i s  c o n s id e r e d  t o  be t h e  most a p p r o p r i a t e  mode o f  i n t e r ­
c o n n e c t io n .  T h e r e f o r e ,  h e r e  we a re  a l s o  i n t e r e s t e d  t o  n o te  t h e  d i s t r i c t  
l e v e l  e f f e c t  o f  r o a d  deve lopm en t on th e  de g re e  o f  c o n n e c t i v i t y  and 
u rb a n  g ro w th .  I t  i s  p o s s i b l e  t o  compare t h e s e  v a l u e s  w i th  t h e  v a lu e s  
o f  c o n n e c t i v i t y  o b t a i n e d  from  th e  u rb a n  (v  = town) c o n n e c t i v i t y  as i t
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was b a sed  on b o th  modes o f  t r a n s p o r t  ( r a i l  and r o a d ) ,  w h i l e  n o d a l  
c o n n e c t i v i t y  i s  o n ly  b a sed  on r o a d  n e to w rk s .  A p a r t  from  t h a t  th e  
a n a l y s i s  i s  im p o r ta n t  t o  f i n d  th e  answ er t o  one o f  t h e  fu n d am e n ta l  
q u e s t i o n s  po sed  by th e  s tu d y  i e .  does  a c c e s s i b i l i t y  e n c o u ra g e  growth 
and c r e a t e  new u rb a n  c e n t r e s  a t  t h e  a c c e s s i b l e  l o c a t i o n s  i n  t h e  
d i s t r i c t s  w here n o d a l  a c c e s s i b i l i t y  (v  -  J )  i s  h ig h  o r  does  t h e  p re s e n c e  
o f  o ld  towns i n f l u e n c e  t h e  grow th o f  t h e  n e tw ork  and make n o d a l  
( j u n c t i o n s )  c o n n e c t i v i t y  h ig h ?
7 .4  Com parisons
For t h i s  p u rp o se  t h e  a n a l y s i s  o f  t h e  c o n n e c t i v i t y  b a s e d  on j u n c t i o n s  
as v e r t i c e s  i s  u s e f u l  t o  e x p lo r e  t h e  i d e a  and i t s  c o m p a r iso n  w i th  th e  
c o n n e c t i v i t y  o f  towns w i l l  p r o v id e  g rounds  f o r  t h e  s tu d y  o f  u rb a n  growth 
w hich i s  t h e  f o c u s  o f  th e  r e m a in in g  c h a p t e r s .  I n  t h i s  p a r t  we a r e  
m a in ly  c o n c e rn e d  to
1 .  lo o k  more c l o s e l y  a t  t h e  p a t t e r n  o f  c o n n e c t i v i t y  i n  t h e  d i s t r i c t s .
2 .  t o  d i f f e r e n t i a t e  be tw een  c o n n e c t i v i t y  v a l u e s  o b t a i n e d  on th e  b a s i s  
o f  nodes  and tow ns .
3 .  t o  u n d e r s t a n d  th e  d e g re e  o f  c o r re s p o n d e n c e  be tw een  th e  i n d i c e s  
and d e g re e  o f  c o n n e c t i v i t y  f o r  i n d i v i d u a l  d i s t r i c t s .
4 .  t o  t e s t  t h e  d i s t r i c t  l e v e l  r e l a t i o n s h i p  be tw een  t h e  c o n n e c t i v i t y  
o f  j u n c t i o n s  and c o n n e c t i v i t y  o f  towns which i s  h e l p f u l  t o  t r a c e  th e  
e f f e c t  and im p o r ta n c e  o f  r o a d  deve lopm ent i n  t h e  r e g i o n ,
5 .  t o  know th e  d i s t r i c t  l e v e l  d e g re e  o f  c o r r e s p o n d e n c e  betw een  th e  
c o n n e c t i v i t y  o f  u rb a n  p o p u l a t i o n  ( th ro u g h  u rb a n  c e n t r e s  as v e r t i c e s )  
and th e  d e g re e  o f  c o n n e c t i v i t y  o f  r u r a l  p o p u l a t i o n  ( t o  u rb a n  c e n t r e s  
th ro u g h  n o d e s / r o a d  j u n c t i o n s ) .
T ab le  7 .1 b  shows t o p o l o g i c a l  p r o p e r t i e s  f o r  t h e  d i s t r i c t  l e v e l  
c o n n e c t i v i t y  b a s e d  on 634 v e r t i c e s  ( n o d e s / j u n c t i o n s )  and 1033 edges 
w i th  an a v e ra g e  o f  33 and 54 p e r  d i s t r i c t  r e s p e c t i v e l y  o r  abou t  n in e  
v e r t i c e s  and 14 edges  p e r  t e h s i l .  A ccord ing  t o  t h e  f i g u r e s  o f  1972 
an a v e ra g e  o f  40 v i l l a g e s  a r e  s e rv e d  by each  n o d e .  The number o f  
v e r t i c e s  v a r i e s  from  19 (Bahawal N agar)  t o  52 ( f o r  S a h iw a l ) .  S i m i l a r l y  
t h e  v a l u e s  f o r  a b s o l u t e  c i r c u i t  c o n n e c t i v i t y  (/*■ ) r a n g e  from  3 ( Jh a n g )  
t o  43 ( S a h iw a l )  showing a marked c o n t r a s t  be tw een  them .
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The minimum number o f  nodes  f o r  each  d i s t r i c t  i s  a t  l e a s t  doub le  
t h e  number o f  tow ns , showing t h a t  each  town o f  th e  d i s t r i c t  l i k e  
G u jran w a la  and Sargodha  i s  s e rv e d  by two n o d e s ,  w h i l e  t h e  towns o f  
J h a n g ,  L y a l l p u r ,  M u z a f f a rg a rh ,  S ah iw a l  and B ahaw alpur have  th e  p r o p o r t ­
io n  o f  f o u r  t o  f i v e  nodes  p e r  town. The h i g h e s t  p r o p o r t i o n  can  be se en  
i n  t h e  d i s t r i c t  o f  R a w a lp in d i .  T h is  seems t o  be due t o  th e  p re s e n c e  
o f  I s la m a b a d ,  t h e  c a p i t a l  o f  t h e  c o u n t r y ,  w hich i s  c o n n e c te d  w i th  a 
number o f  r o a d s .  I n  t h e  same way t h e  d eg ree  o f  c i r c u i t  c o n n e c t i v i t y  
( / O  on th e  n o d a l  s c a l e  i s  much h i g h e r  th a n  th e  c o n n e c t i v i t y  m easured  
on th e  u r b a n  s c a l e  ( tow ns as  v e r t i c e s ) .  The i n c r e a s e  i n  c y c lo m a t ic  
number r a n g e s  from  two ( J h a n g ,  Jh e lu m ) t o  38 ( S a h iw a l )  showing a 
maximum change i n  a l l  c e n t r a l  d i s t r i c t s  ( e x c e p t  J h a n g )  where t h i s  
c o n n e c t i v i t y  p l a y s  a more im p o r ta n t  r o l e  i n  c o n n e c t in g  th e  n o n -u rb a n  
p o p u l a t i o n  t o  t h e  u rb a n  c e n t r e s  t h a n  th e  c e n t r e s  t h e m s e lv e s .  In  o t h e r  
w o rd s ,  we can  say  t h a t  i n  t h e s e  d i s t r i c t s  (w i th  h ig h  n o d a l  c i r c u i t y )  
th e  n o n -u rb a n  p o p u l a t i o n  h a s  a l s o  e a sy  a c c e s s  to  t h e  u r b a n  c e n t r e s  
where a h ig h  change o f  p o p u l a t i o n  i n  p re -1 9 3 1  towns and grow th  o f  new 
towns can  be e x p e c te d  .
A c o m par ison  be tw een  th e  number o f  v e r t i c e s  m easu red  on bo th  th e  
n o d a l  and u rb a n  s c a l e s ,  shows t h a t  each  d i s t r i c t  h a s  a t  l e a s t  tw ic e  as 
many nodes  as  u r b a n  c e n t r e s  i d e n t i f y i n g  a b ig  v a r i a t i o n  i n  th e  n o d a l -  
u rb a n  r a t i o  o f  t h e  d i s t r i c t s ,  l i k e  G u jranw ala  and R a w alp in d i  where t h e  
n o d a l - u r b a n  r a t i o  r a n g e s  from  two t o  n in e  r e s p e c t i v e l y .  I t  i s  g e n e r a l l y  
e x p e c te d  t h a t  t h e  d i s t r i c t s  w i th  a  h ig h  number o f  u r b a n  c e n t r e s  have 
many nodes  b u t  a p o o r  d e g re e  o f  c o - e f f i c i e n t  c o r r e l a t i o n  ( 0 .4 0 )  be tw een  
th e  number o f  no d es  and u rb a n  c e n t r e s ;  t h i s  does n o t  c o n f i r m  i f  due t o  
v a r i a t i o n  i n  th e  c h a r a c t e r i s t i c s  o f  th e  d i s t r i c t s  ( s e e  S e c t i o n  8 . 8 ) .
T h is  g e n e r a l  p a t t e r n  o f  r e l a t i o n s h i p  can  f u r t h e r  be e x p la i n e d  by r a n k  
s c a t t e r d i a g r a m  ( s e e  F ig u re  7 ,3 c )  which i d e n t i f i e s  t h e  r e s i d u a l s  from  
th e  c e n t r a l  l i n e  by h i e r a r c h y  o f  th e  d i s t r i c t s  i n  te rm s  o f  bo th  towns 
and n o d e s .  I t  shows o n ly  s i x  d i s t r i c t s  r a n k  h i g h e r  w i th  number o f  nodes 
th a n  t h e  to w n s .  Out o f  t h e s e ,  t h e  d i s t r i c t s  o f  L y a l lp u r  and Jhang  l i e  
w i t h i n  t h e  band o f  95 p e r  c e n t  c o n f id e n c e  l e v e l  i n d i c a t i n g  t h e i r  a lm o s t  
e q u a l  p o s i t i o n  i n  te rm s  o f  b o th  nodes and to w n s ,  w h i l e  t h e  re m a in in g  
f o u r  d i s t r i c t s  o f  S a h iw a l ,  M u z a f f a rg a rh ,  B ahaw alpur and R aw lap ind i  ( h i l l y )  
have  h i g h e r  r a n k s  i n  nodes  th a n  towns due t o  t h e  common r e a s o n  o f  r e c e n t  
r o a d  deve lopm en t i n  a l l  d i s t r i c t s  e x c e p t  R aw alp ind i  w hich h a s  good r o a d s  
due t o  i t s  b e in g ^ th e  F e d e ra l  C a p i t a l  o f  I s la m a b a d .
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On th e  o t h e r  h a n d ,  o u t  o f  t h e  r e m a in in g  13 d i s t r i c t s  o n ly  f o u r  
l o c a t e d  away from  th e  95 p e r  c e n t  c o n f id e n c e  l e v e l  band show t h e i r  h ig h  
r a n k s  i n  te rm s  o f  u rb a n  c e n t r e s  and low i n  n o d e s .  T h i s  i n c l u d e s  two 
c e n t r a l  i n d u s t r i a l  d i s t r i c t s  (G u jra n w a la  and S h e i k h u p u r a ) , one from  
th e  n o r t h e r n  h i l l y  a r e a  (Jh e lu m ) and th e  o t h e r  t h e  e x trem e  s o u th e r n  
d i s t r i c t  o f  Rahim y a r  Khan, a l l  w i th  d i f f e r e n t  u rb a n  c h a r a c t e r i s t i c s  
which a r e  beyond t h e  scope o f  t h i s  c h a p te r  and w i l l  be d i s c u s s e d  i n  
C h a p te r  8 ( 8 . 8 ) .
F or smooth and e q u a l  c o n n e c t i v i t y  v a lu e s  be tw een  no d es  and towns 
th e  same ty p e  o f  l o c a t i o n  f o r  r an k e d  d i s t r i c t s  i s  e x p e c t e d  i n  F ig u re  
7 .3 d  w hich  com pares th e  number o f  edges  be tw een  no d es  and towns b u t  a 
c l o s e  e x a m in a t io n  o f  F ig u re s  7 .3 c  and 7 .3 d  show a c o n t r a s t  i n  th e  
p o s i t i o n  o f  d i f f e r e n t  d i s t r i c t s  which can be i d e n t i f i e d  by ( i )  r a n k in g  
th e  d i s t r i c t s  a c c o r d in g  t o  n o d a l  and u rb a n  c o n n e c t i v i t y  v a lu e s  m easured  
by th e  same in d e x  and th e  r e s i d u a l s  can  be t r a c e d  w i th  t h e  h e lp  o f  a 
r a n k  s c a t t e r d i a g r a m  ( s e e  F ig u r e s  7 .3 a ,  7 .3 b ,  7 .3 g ,  7 , 3 h ) .  ( i i )  com paring  
d i s t r i c t - w i s e  v a l u e s  o f  n o d a l  c o n n e c t i v i t y  w i th  u r b a n  c o n n e c t i v i t y  
m easu red  by th e  same in d e x .
I n  t h i s  c a se  i t  i s  o n ly  p o s s i b l e  f o r  t h e  i n d i c e s  o f  l in k a g e  c o n n e c t ­
i v i t y  ( / ?  and Y  ) as t h e  two s o u th e r n  d i s t r i c t s  have  no c i r c u i t  c o n n e c t ­
i v i t y  on u rb a n  s c a l e ,  w h i le  on th e  n o d a l  s c a l e  th e  v a l u e s  o f  a b s o lu t e  
c i r c u i t  c o n n e c t i v i t y  a r e  13 and e i g h t  f o r  bo th  d i s t r i c t s .  S i m i l a r l y ,  
th e  v a lu e s  o f  r e l a t i v e  c i r c u i t  c o n n e c t i v i t y  ( Oi ) f o r  t h e s e  rem o te  
d i s t r i c t s  o f  D era  Ghazi Khan (2 3 .6  p e r  c e n t )  and Bahaw alpur ( 1 3 ,1  p e r  
c e n t ) ,  s u g g e s t  t h a t  t h e  n e tw o rk s  o f  t h e s e  d i s t r i c t s  do n o t  p o s s e s s  th e  
fu n d a m e n ta l  c i r c u i t s  i n  t h e  s h o r t e s t  p a th  d i s t a n c e  be tw een  th e  to w n s ,  
as  t h e s e  a re  l o c a t e d  i n  a s t r a i g h t  l i n e  a lo n g  t h e  m ain  r a i l  o r  r o a d .
A c l o s e  e x a m in a t io n  and c o m par ison  o f  t h e  i n d e x  on T a b le s  7 ,1 a  and 
7 .1 b  shows t h a t  t h e  h i g h e r  v a l u e s  o f  ( i )  n o d a l  c o n n e c t i v i t y  ( r a t h e r  t h a n  
u rb a n  c o n n e c t i v i t y ) ,  P i  in d e x  more th a n  one and v a l u e s  o f  Km ( p e r  s q u a re  
m ile  r o u t e  d e n s i t y ) ,  f o r  t h e s e  two d i s t r i c t s  p o i n t  t o  a  s u r p l u s  ne tw o rk  
away from  th e  to w n s ,  w hich s e r v e s  t h e  r u r a l  p o p u l a t i o n  th ro u g h  n o d e s .
I n  o t h e r  w o rd s ,  t h i s  s u r p l u s  r o u t e  o f  t h e s e  d i s t r i c t s  h e l p s  th e  rem ote  
r u r a l  p o p u l a t i o n  t o  c o n n e c t  w i th  t h e  towns ( a lo n g  t h e  r i v e r s ) .
Among t h e  r e s t  o f  th e  d i s t r i c t s  th e  ' '  v a lu e s  d i f f e r e n c e  betw een
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n o d a l  and u rb a n  c o n n e c t i v i t y  i s  h i g h e r  on th e  n o d a l  s c a l e  i n  th e  s i x  
d i s t r i c t s  o f  G u jra n w a la ,  Bahawal N agar ,  L ah o re ,  S a h iw a l ,  S i a l k o t  and 
Cam pbelpur. I t  shows t h a t  i n  t h e s e  d i s t r i c t s  t h e  s im p le  j u n c t i o n s  
( n o d e s )  p o s s e s s  a  h i g h e r  p e r c e n ta g e  o f  t h e i r  p o s s i b l e  fu n d a m e n ta l  
c i r c u i t s  th a n  t h e  t o w n 's .  I t  seems t o  be due t o  v a r i o u s  f a c t o r s  l i k e  
. i .  more t h a n  one r o a d / c o n n e c t io n  betw een  two towns
i i .  d i s p e r s e d  u r b a n  s e t t l e m e n t  p a t t e r n
i i i ,  new deve lopm en t i n  t h e  p e r i p h e r a l  a r e a s  o f  t h e  d i s t r i c t .
On th e  o t h e r  end th e  n e tw o rk s  o f  th e  f o u r  c e n t r a l  c a n a l  c o lo n y  d i s t ­
r i c t s  o f  M u lta n ,  S h e ik h u p u ra ,  S a rg o d h a ,  L y a l lp u r  and Jh a n g  have  a 
c o m p a r a t iv e ly  h ig h  u rb a n  c o n n e c t i v i t y ,  p r o b a b ly  due t o  t h e  f a c t  t h a t  a 
l a r g e  p r o p o r t i o n  o f  t h e s e  nodes  i n  t h e s e  d i s t r i c t s  ( e x c e p t  Jh a n g )  a r e  
tow ns . I t  i s  beyond th e  scope o f  t h i s  c h a p te r  t o  i d e n t i f y  t h e s e  c e n t r e s  
a c c o r d in g  t o  o r i g i n  and g ro w th ,  w hich i s  t h e  fo c u s  o f  t h e  s u b s e q u e n t  
s t u d y .
F ig u re  7 .3g  g i v e s  a g e n e r a l  i d e a  o f  t h e  changes  i n  d i s t r i c t  l e v e l  
a b s o l u t e  c i r c u i t  c o n n e c t i v i t y  b ased  on bo th  nodes  and tow ns . A 
S p e a rm a n 's  r a n k  c o r r e l a t i o n  ( 0 .7 1 2 )  f o r  a l l  t h e  d i s t r i c t s  shows a c lo s e  
r e l a t i o n s h i p  be tw een  th e  n o d a l  and u rb a n  c i r c u i t s .  I n  F ig u re  7 .3h  th e  
r e l a t i o n s h i p  i s  c l o s e  as  w e l l  b u t  s l i g h t l y  d i f f e r e n t .  T h is  i s  due to  
change i n  t h e  r e s i d u a l s  o f  G u jran w a la  and Bahawal N a g a r ,  which have  low 
r a n k s  on th e  ' s c a l e  as compared to  t h e  o t h e r  d i s t r i c t s ,  b u t  due t o  
t h e i r  minimum number o f  v e r t i c e s ,  th e  n o d a l  r e l a t i v e  c i r c u i t  c o n n e c t iv ­
i t y  h a s  shown a b i g  ch an g e .
D e s p i t e  t h e  s l i g h t  i n s t a b i l i t y  o f  some o f  t h e  i n d i c e s  d i s c u s s e d  above , 
t h e  g e n e r a l  p a t t e r n  o f  c i r c u i t  c o n n e c t i v i t y  f o r  b o th  n o d a l  and u r b a n  
n e tw o rk s  i s  c l e a r .  A s i m i l a r  p a t t e r n  f o r  t h e s e  n e tw o rk s  can  be p r e d i c t e d  
on l i n k a g e  c o n n e c t i v i t y  s c a l e s  ( and Y  ) .  A c o m p ar iso n  o f  t h e  v a lu e s  
m easu red  w i th  * '  f o r  b o th  nodes  and to w n s ,  shows t h a t  o n ly  f i v e  
d i s t r i c t s  o f  M u lta n ,  S h e ik h u p u ra ,  Jhe lum , L y a l l p u r ,  Rahim y a r  Khan and 
S argodha  have  h i g h e r  u rb a n  c o n n e c t i v i t y  th a n  th e  n o d a l  c o n n e c t i v i t y  
i n d i c a t i n g  t h a t  i n  t h e s e  d i s t r i c t s  t h e  r a t i o  o f  u r b a n  c e n t r e s  t o  edges  
i s  h i g h e r  t h a n  t h a t  o f  t h e  nodes  to  e d g e s .  T h is  i s  due t o  a number o f  
f a c t o r s  which a r e  a n a ly s e d  below :
i .  e i t h e r  t h e  nodes  c o u ld  n o t  o c c u r  due to  few e r  i n t e r - c o n n e c t i o n s  
i i ,  o r ,  t h e  no d es  changed  i n t o  new towns
i i i ,  o r ,  th e  i n t e r - c o n n e c t i o n s  to o k  p l a c e  o n ly  be tw een  th e  a l r e a d y
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e x i s t i n g  u r b a n  s e t t l e m e n t s  o f  th e  d i s t r i c t s .  The answ er t o  a l l  t h e s e  
q u e s t i o n s  can  be o b t a i n e d  th ro u g h  th e  a n a l y s i s  o f  m e t r i c a t e d  i n d i c e s  
i n  t h e  n e x t  c h a p t e r .
F i n a l l y  t o  g e t  a  co m p le te  p i c t u r e  o f  th e  n o d a l  c o n n e c t i v i t y ,  th e  
v a lu e s  f o r  each  d i s t r i c t  o b t a in e d  th ro u g h  f o u r  t o p o l o g i c a l  m easu res  
t Y )  a r e  s c o re d  f o r  th e  p u rp o se  o f  a  c o m p a r iso n  betw een 
u rb a n  and n o d a l  t o p o l o g i c a l  s t r u c t u r e s  ( s e e  F ig u re  7 . 3 e ) .  On th e  
n o d a l  s c a l e  t h e s e  d i s t r i c t s  can  be d iv id e d  i n t o  f o u r  g ro u p s  o f  h i g h ,  
medium, low and lo w e s t  n o d a l  c o n n e c t i v i t y  ( s e e  F ig u re  7 , 1 ) .  I t  shows 
t h a t  t h e  h i g h e s t  n o d a l  c o n n e c t i v i t y  can  a l s o  be s e e n  i n  t h e  newly 
s e t t l e d  c e n t r a l  d i s t r i c t s ,  i n c l u d i n g  two w e s t e r n  d i s t r i c t s  o f  M ianwali 
and M u z a f fa rg a rh  where th e  deve lopm en t i s  s t i l l  i n  p r o g r e s s  u n d e r  TDA 
(T h a i  D evelopm ent A u t h o r i t y ) . The second  g roup  o f  medium c o n n e c t i v i t y  
i n c l u d e s  t h e  d i s t r i c t s  w here t h e  main ne tw ork  i s  be tw een  th e  o ld  towns 
b u t  th e  n o d a l  c o n n e c t i v i t y  i s  h i g h e r  due t o  good r o a d  dev e lo p m en t.
A co m p ar iso n  o f  t h e s e  s c o r e s  betw een  n o d a l  and u r b a n  c o m p o s i te  c o n n e c t ­
i v i t y  s c o r e s  shows c lo s e  c o r re s p o n d e n c e  i n  some c a s e s ,  w h i l e  i n  o t h e r s  
t h e r e  a r e  c o n t r a s t s  w hich need  comments a f t e r  t h e  a n a l y s i s  o f  
m e t r i c a t e d  i n d i c e s  ( s e e  S e c t i o n  8 . 8 ) .
7 .5  Changes i n  C o n n e c t iv i t y
The d i s t r i c t  l e v e l  ch an g es  i n  c o n n e c t i v i t y  a r e  a c h ie v e d  by s tu d y in g  
th e  s t r u c t u r e  and deve lopm en t o f  t h e  r a i l  and r o a d  n e tw o rk s  s in c e  1931. 
The p r e s e n t  day d e g re e  o f  c o n n e c t i v i t y  h a s  been  a n a ly s e d  ( s e e  S e c t i o n  
7 .3 )  i n  two p h a s e s :  (1 )  a t o p o l o g i c a l  a n a l y s i s  be tw een  th e  towns as  
v e r t i c e s  i n c l u d i n g  b o th  r a i l  and r o a d  n e tw o rk s ;  ( 2 )  on th e  b a s i s  o f  
r o a d  j u n c t i o n s  d e a l i n g  o n ly  w i th  t h e  r o a d  n e tw o rk ,  w hich m a in ly  began 
t o  e v o lv e  i n  t h e  1 9 3 0 s .  B e fo re  t h a t  t h e  r o a d  n e tw o rk  e i t h e r  d id  n o t  
e x i s t  o r  was n o t  d e s ig n e d  f o r  m otor  u se  and t h e  r a i l w a y  was one o f  ' th e  
main means o f  com m unica tion  b o th  f o r  p e o p le  and g o o d s .
The v a l u e s  o f  c o n n e c t i v i t y  f o r  t h e  r a i l  n e tw o rk  i n  1931 have  been
*
c a l c u l a t e d  and t h e  changes  f o r  a  p e r i o d  o f  40 y e a r s  m easured  ( s e e  T ab le  
7 . 2 ) .  A h ig h  p e r c e n ta g e  o f  changes  can  be se en  i n  t h e  d i s t r i c t i o f
*
At t h a t  t im e  t h e  c a p a c i t y  o f  th e  i n d i v i d u a l  r a i l w a y  l i n e s  d id  n o t  d i f f e r  
much from  one a n o th e r ,  t h e r e f o r e  w h i le  com paring  t h e  changes  a l l  th e  
c o n n e c t io n s  w i l l  be a s s i g n e d  e q u a l  w e ig h t .
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Table 7.2
DISTRICT LEVEL CHARGES IN CONNECTIVITY 1931 -  1971
D i s t r i c t s A B C D E F G
1 R a w alp in d i 2 0 .0 4 33 .31 55 .55 55 .55 0 1 .0 0 0
2 Campbelpur 46 .4 6 2 5 .7 0 23 .81 52 .38 2 8 .5 7 2 .1 9 1 2 0 .00
3 Jhe lum 1 1 2 .8 0 105 .76 23 .81 5 7 .1 4 3 3 .33 2 .4 0 14 0 .00
4 G u j r a t 58 .5 9 3 8 .8 7 22 .22 55 .55 33 .33 2 .5 0 1 50 .00
5 Sargodha 67 .0 2 5 6 .9 4 21 .6 7 56 .67 3 5 .0 0 2 .6 1 1 6 1 .5 0
6 M ianw ali 87 .85 75.03 26 .6 7 6 6 .67 4 0 .0 0 2 ,5 0 1 5 0 .0 0
7 Jh an g 6 6 ,6 7 4 0 .0 2 2 0 .00 4 6 .6 7 2 6 .67 2 .3 3 133 .35
8 L y a l lp u r 1 1 6 .0 0 1 0 8 .15 33 .33 80 .95 4 7 .6 2 2 .4 3 1 4 2 .8 7
9 L ahore 4 9 .6 1 34 .63 20 .51 51 .28 30 .77 2 .5 0 1 5 0 .00
10 S i a l k o t 6 3 .43 4 2 .8 4 1 9 .4 4 55 .55 36 .11 2 .8 6 1 8 5 .90
11 G u jran w a la 28 .3 5 1 4 .5 8 2 5 .0 0 45 .83 20 .83 1 .8 3 83 .32
12 S h e ik h u p u ra 105 .85 92 .52 2 6 .6 7 73.33 46 .66 2 .7 5 1 7 5 .00
13 M ultan 8 7 .00 82 .25 33 .33 71 .79 38 ,46 2 .1 5 115 .40
14 S ah iw a l 9 6 .08 75 .00 2 0 .83 58 .33 37 .5 0 2 .8 0 18 0 .0 0
15 M u z a f fa rg a rh 9 5 .0 0 5 0 .0 0 1 9 .05 66 .6 7 4 7 .6 2 3 .5 0 250 .00
16 D.G.Khan - - - - - - -
17 Bahawalpur 7 .50 - 1 0 .0 0 26 .66 40 .0 0 1 3 .3 4 1 .5 0 50 .0 0
18 Bahawal Nagar 1 6 .6 9 1 5 .5 2 4 0 .0 0 4 6 .6 7 6 .6 7 1 .1 7 1 6 .6 8
19 R.Y.Khan 5 1 .6 9 34 .08 2 5 .0 0 5 4 .17 2 9 .1 7 2 .1 7 116 .68
A = P e r c e n ta g e  c o n n e c t i v i t y  change i n  B e ta  In d e x  (1931 -1971 )
B = P e r c e n ta g e  c o n n e c t i v i t y  change i n  Gamma In d ex  (1931 -1971 )  
C -  Y (1931 by a s s i g n i n g  v e r t i c e s  as i n  1971)
D = Y (1971)  j
E -  A c tu a l  change (1931 -1 9 7 1 )  betw een f  and Y •
F = R a t io  be tw een  C and D
G = P e r c e n t  change (1931 -1971 )  be tw een  Y and Y ■
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L y a l l p u r ,  S h e ik h u p u ra ,  Jh e lu m , S a h iw a l ,  M u z a f fa rg a rh  and M ia n w al i .  The 
d i s t r i c t s  w i th  medium change a re  M u lta n ,  S a rg o d h a ,  J h a n g ,  S i a l k o t ,
G u j r a t  and Rahim Y ar Khan w h i le  on th e  lo w er  end o f  t h e  s c a l e  come th e  
r e m a in in g  p e r i p h e r a l  d i s t r i c t s  o f  n o r th  and s o u th .
/&■
The ch an g es  r e c o r d e d  on,fpure r o a d  n e tw o rk  s c a l e  a r e  n o t  v e ry  d i f f e r e n t .  
These changes  a r e  c o m p a r a t iv e ly  h ig h  i n  th e  d i s t r i c t s  w here r e c e n t  
economic g ro w th ,  e s p e c i a l l y  i n  th e  f i e l d  o f  a g r i c u l t u r e ,  i s  i n  p r o g r e s s  
and ( t h e s e  d i s t r i c t s )  a l s o  p r o v id e  a h ig h  c o n n e c t i v i t y  t o  t h e i r  r u r a l  
p o p u l a t i o n .  I t  m a in ly  i n c l u d e s  t h e  d i s t r i c t s  o f  M ia n w a l i ,  M u z a f fa rg a rh  
and Bahawal N a g a r .  I n  c o n t r a s t  t h e  d i s t r i c t s  o f  M u lta n ,  L a h o re ,  Sa rgodha  
and C am pbelpur, w hich had  c o m p a r a t iv e ly  h ig h  c o n n e c t i v i t y  a t  t h e  end 
o f  1931 , d id  n o t  show much c h a n g e .  Jhe lum  which had  th e  lo w e s t  v a lu e s  
i n  1931 , im proved  i t s  r o a d  c o n n e c t i v i t y  i n  t h e  p r e s e n t  day n e tw o rk  as 
a r e s u l t  o f  t h e  r e c e n t  s h o r t  c u t  ro a d  c o n n e c t io n s ,  be tw een  th e  c e n t r a l  
d i s t r i c t s  o f  th e  P a n ja b  and The F e d e ra l  C a p i t a l  o f  I s la m a b a d .
Between 1931 and 1971, t h e  r o a d  ne tw ork  o f  P a n ja b  d e v e lo p e d  on a 
r e g i o n a l  r a t h e r  t h a n  on a d i s t r i c t  b a s i s .  The c o n n e c t io n s  c o n s id e r e d  
im p o r ta n t  were w idened  and im proved , i r r e s p e c t i v e  o f  t h e  d i s t r i c t s  
th e y  p a s s e d  th ro u g h ,  and by 1971 th e  n e tw ork  was composed o f  p r im a ry  
and s e c o n d a ry  c o n n e c t io n s .  S econd ly  as  th e  number o f  v e r t i c e s  f o r  
b o th  p e r i o d s  v a r i e s ,  t h e r e f o r e  th e  b e t a  in d e x  w hich  o n ly  r e c o r d s  r a t i o s ,  
does  n o t  g iv e  a s  c l e a r  a p i c t u r e  a s  can  be o b t a i n e d  by lo o k in g  th ro u g h  
t h e  r e l a t i v e  l i n k a g e  c o n n e c t i v i t y  ' Y  ' as  i t  r e c o r d s  t h e  changes  w i th  
t h e  i n c r e a s e  o r  d e c re a s e  o f  number v e r t i c e s ,  t h a t  e x i s t  i n  t h a t  p e r io d  
o f  t im e .  I n s t e a d  o f  com paring  th e  s e p a r a t e  v a lu e s  on t h i s  in d e x ,  i t  
can  be more c o n v e n ie n t l y  p ro d u ce d  by c o n s id e r in g  a l l  p o i n t s  t h a t  were . 
f i n a l l y  b r o u g h t  i n t o  t h e  ne tw ork  f o r  1971 by s e t t i n g  f o r  a l l  d e s c r i p -  I 
t i o n s  even i n  1931, t o  c a l c u l a t e  ' ^ ' ( s e e  T ab le  7 . 2 ) ,  The d i f f e r e n c e  
be tw een  ' Y  ' and 1 ^  ' i n d i c a t e  changes  and c o n s e q u e n t ly  we a re  a b le  
t o  se e  a c o n s i s t e n t l y  i n c r e a s i n g  t r e n d .  I t  i s  c l e a r  t h a t  th e  number
o f  p o i n t s  we a r e  i n t e r e s t e d  i n ,  com prise  t h e  t o t a l  number f i n a l l y
/
b ro u g h t  i n t o  t h e  ne tw ork  ( 1 9 7 1 ) .  Thus ' ^ ' i s  b a s e d  on f i n a l l y  connec­
t e d  p o i n t s  ( tow ns 1971) r a t h e r  th a n  th e  number c o n n e c te d  i n  1931, I n  
t h i s  c a se  t h i s  m easure  i s  u s e f u l  becau se  a l l  v a l u e s  a r e  a c c o rd in g  t o  
th e  change i n  t h e  number o f  v e r t i c e s  and a r e  r e l a t i v e  t o  th e  f i n a l  
ne tw ork  r a t h e r  th a n  p r e v i o u s l y  c o n n e c te d  p l a c e s .  The d i s t r i c t s  can  be 
d i v id e d  i n t o  f o u r  g ro u p s  o f  h i g h ,  medium, low and lo w e s t  changes i n
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c o n n e c t i v i t y  ( a c c o r d in g  t o  t h e  maximum p o s s i b l e  edges  o f  t h e i r  v e r t i c e s ) .
i .  High (above  40 p e r  c e n t )  changes  in c lu d e  t h e  new d i s t r i c t s  o f  
L y a l l p u r ,  M u z a f f a rg a rh ,  S h e ik h u p u ra  and M a in w a l i ,
i i .  Medium c hanges  (30 -  40 p e r  c e n t )  i n c lu d e  th e  d i s t r i c t s  o f  
M u ltan ,  S a h iw a l ,  S i a l k o t ,  S a rg o d h a ,  Jhe lum , G u j r a t  and L a h o re .
i i i .  Low (20 -  30 p e r  c e n t )  changes  can  be s e e n  i n  t h e  d i s t r i c t s  o f  
Rahim Yar Khan, C am pbelpur, Jh an g  and G u jran w a la .
i v .  Lowest changes  c o m p rise  t h e  d i s t r i c t s  o f  Bahawal P u r ,  Bahawal 
N agar and R a w a lp in d i .
A co m p a r iso n  o f  t h e s e  ch an g es  a t  d i f f e r e n t  s c a l e s  shows t h a t  t h e  v a lu e s  
o f  c o n n e c t i v i t y  d i f f e r  f o r  a number o f  rea so n s*
i .  The s c a l e  o f  a l r e a d y  (1931) d e v e lo p e d  n e tw o rk ;  i f  th e  ne tw ork  i s  
a l r e a d y  w e l l  d e v e lo p e d  a l e s s e r  d e g re e  o f  change can  be e x p e c t e d ,  as 
i s  t h e  c a s e  o f  L a h o re ,  M ultan  and S arg o d h a .
i i .  An i n c r e a s e  i n  t h e  number o f  v e r t i c e s  a l s o  a f f e c t s  t h e  changes  
i n  c o n n e c t i v i t y  as i t  i s  e v id e n t  from  R a w a lp in d i ,  Jh a n g  and G u jra n w a la .
i i i .  ' I n c r e a s e  o f  t h e  edges  a lo n g w ith  th e  v e r t i c e s '  a l s o  c o n t r i b u t e s  
t o  t h e  changes  o f  c o n n e c t i v i t y .  The i n c r e a s i n g  edges  o f  L y a l lp u r  d i s t ­
r i c t  can  be compared w i th  t h a t  o f  Campbelpur as  b o th  o f  t h e s e  have 
e q u a l  i n c r e a s e  i n  number o f  v e r t i c e s .  High c hanges  to o k  p l a c e  due to  
i n c r e a s e  o f  edges  be tw een  th e  a l r e a d y  e x i s t i n g  v e r t i c e s .
I t  w i l l  be i n t e r e s t i n g  t o  n o te  t h a t  th e  c hanges  f o r  M u z a f fa rg a rh ,  
M ianw ali and L y a l lp u r  were th e  h i g h e s t  ( s e e  T a b le  7 . 2 ) .  They had  th e  
maximum number o f  towns on r a i l w a y  ne tw ork  i n  1931 , and l a t e r  on d e v e l ­
oped t h e i r  c o n n e c t i v i t y  by r o a d .  On th e  o t h e r  hand  t h e  d i s t r i c t s  
showing low changes  i n  c o n n e c t i v i t y  d u r in g  th e  p e r i o d  (B ahaw alpur ,  
Bahawal N agar and R a w a lp in d i)  e i t h e r  d id  n o t  change t h e i r  number o f  
towns o r  t h e  e x i s t i n g  towns c o u ld  n o t  g e t  more l i n k s  t o  i n c r e a s e  t h e  
d e g re e  o f  c o n n e c t i v i t y .
C o n n e c t iv i t y  c o u ld  be f u r t h e r  exam ined by w e i g h t i n g  t h e s e  v e r t i c e s  
a c c o r d in g  t o  t h e i r  l i n k s  t o  e v a l u a t e  t h e  r a t i o s  ( I o t a  i n d e x ) .  The 
h i g h e s t  v a l u e s  on t h i s  in d e x  a l s o  i d e n t i f y  t h e  same d i s t r i c t s  o f  
L y a l l p u r ,  S h e ik h u p u ra ,  M ianw ali and M u z a f fa rg a rh  w i th  th e  v e r t i c e s  
o r i g i n a t i n g  maximum number o f  l i n k s  w h i le  on t h e  lo w er  end o f  th e  s c a l e  
a r e  B ahaw alpur,  Bahawal N agar and J h a n g .  F i n a l l y ,  a  s i g n i f i c a n t  
(98 p e r  c e n t )  S p e a rm a n 's  Rho betw een  i o t a  i n d e x  and changes  i n  c o n n e c t ­
i v i t y  c o n c lu d e s  t h a t  t h e  d i s t r i c t s  w here towns w ere  a l r e a d y  c o n n e c te d
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w i th  more l i n k s  have  h i g h e r  changes  i n  c o n n e c t i v i t y  t h a n  th o s e  w i th  
new towns ( n o t  on r a i l w a y ) .
C h a p te r  8 
DISTRICT LEVEL METRICATED INDICES
8 .1  I n t r o d u c t i o n
K eeping  i n  mind t h e  v a r i a t i o n s  o f  t h e  d i s t r i c t s  i n  te rm s  o f  a r e a ,  
p o p u l a t i o n  and number o f  u rb a n  c e n t r e s  i t  i s  d i f f i c u l t  t o  r e l y  on 
t o p o l o g i c a l  i n d i c e s  f o r  a t r u e  p i c t u r e  o f  c o n n e c t i v i t y  f o r  th e  
d i s t r i c t s ,  as i t  i s  e x p e c te d  t h a t  m e t r i c a t i o n  o f  t o p o l o g i c a l  i n d i c e s  
w i l l  change th e  r a n k s  o f  t h e  d i s t r i c t s  on t h e i r  a c c e s s i b i l i t y  s c a l e . 7 ^ *
ncf&ccr&iC. t o  th e  v a r i a t i o n  i n  t h e  s p a c in g  o f  t h e  towns
whicii (on s p a c in g  in d e x )  v a r i e s  from  41 .75  ( f o r  B ahaw alpur)  t o  13 ,71  
( f o r  L ahore  and S i a l k o t ) .  T h is  s u g g e s t s  t h a t  t h e r e  i s  a  wide c o n t r a s t  
i n  t h e  d i s t a n c e s  be tw een  v e r t i c e s  due t o  t h e  d i f f e r e n t  s i z e s  o f  t h e i r  
d i s t r i c t s  r a n g in g  from  9587 s q u a re  m i le s  (B ahaw alpu r)  t o  2022 sq u a re  
m i l e s  ( i n  R a w a lp in d i ) .  I n  t h i s  r e s p e c t  t h e  co m p ar iso n  o f  t h e  
s h o r t e s t  p a th s  ( t o p o l o g i c a l )  be tw een  th e  d i s t r i c t s  c o u ld  be m is l e a d in g .  
A s i m i l a r  r a n g e  o f  v a r i a t i o n  i n  t o t a l  p o p u l a t i o n  as  w e l l  as i n  u rb a n  
p o p u l a t i o n  can  be se en  i n  t h e  d i s t r i c t s  o f  t h e  r e g i o n  ( s e e  Tab le  8 . 1 ) .  
I g n o r in g  th e s e  c o n t r a s t s ,  p a r t i c u l a r l y  i n  te rm s  o f  a r e a ,  p o p u l a t i o n  
and d i s t a n c e s ,  makes t h e  co m p ar iso n s  betw een  th e  d i s t r i c t s  f a r  more 
d i f f i c u l t .  However, t h e  a p p l i c a t i o n  o f  m e t r i c a t e d  i n d i c e s  w i l l  make 
c om par ison  betw een  th e  d i s t r i c t s  p o s s i b l e .
8 .2  P i  In d e x
T h is  m easu res  l e n g t h  p e r  u n i t  o f  d ia m e te r  and c h a n g es  i t s  v a lu e s  
a c c o r d in g  t o  t h e  s u r p l u s  o f  ro u te w a y s  w i t h i n  t h e  r e g i o n .  I t  i s  v e ry  
s i m i l a r  t o  th e  t o p o l o g i c a l  i n d i c e s  o f  a lp h a  and gamma w hich  change 
t h e i r  v a lu e s  a c c o r d in g  t o  r e d u n d a n t  r o u t e s .  As t h e  h i g h e r  n u m e r ic a l  
v a lu e s  a lo n g  t h i s  in d e x  r e f l e c t  h i g h e r  d e g re e  o f  deve lopm en t t h e r e f o r e  
t h e  n o r t h e a s t e r n  d i s t r i c t s  o f  R a w a lp in d i ,  S i a l k o t ,  S a rg o d h a  and 
G u j r a t  show more c o m p l ic a te d  r o a d  n e tw o rk s  w h i le  t h e  d i s t r i c t s  o f  
Bahawal N ag a r ,  M ianw ali  and Dera Ghazi Khan have  low v a l u e s .  The
Table 8.1
DISTRICT LEVEL METRICATED INDICES 1971
D i s t r i c t A U.P T.P Dm Km L/u L /p C A1 S
1 R aw alp ind i 2 ,022 772 1 ,7 5 5 68 3 .4 5 1 ,317 2 ,9 9 5 263 6 .0 0 .509
2 Campbelpur 4 ,4 1 8 123 983 94 8 .26 245 1 ,9 5 8 223 1 7 .3 0 .452
3 Jhe lum 2 ,7 7 2 167 1 ,0 4 8 96 7 .0 0 420 2 ,6 3 3 245 1 6 .0 0.523
4 G u j r a t 2 ,2 6 4 280 1 ,8 8 5 69 5 .65 698 4 ,7 0 1 50 22 .2 0 .407
5 S argodha 4 ,7 7 5 495 2 ,0 9 4 113 6 .1 8 641 2 ,7 1 2 329 74 .3 0 .5 4 0
6 M ianw ali 5 ,403 236 1 ,0 9 8 145 8 .91 389 1 ,8 1 2 598 2 2 .5 0 .322
7 Jhang 3 ,4 0 1 288 1 ,5 4 9 116 7 .07 599 3 ,2 2 0 52 1 3 .7 0 .237
8 L y a l lp u r 3 ,516 1 ,0 5 2 4 ,2 4 0 79 6 .7 6 2 ,023 8 ,1 5 4 47 13 .3 0 .3 9 0
9 Lahore 2 ,216 2,421 3 ,7 7 2 94 6 .2 7 6 ,858 10 ,685 217 35 .3 0 .475
10 S i a l k o t 2 ,0 6 7 383 2 ,3 3 8 72 4 .2 7 • 791 4 ,8 3 0 104 30 .6 0 .506
11 G u jran w a la 2 ,3 1 2 590 2 ,0 4 9 69 5 .87 1 ,497 5 ,2 0 0 41 2 1 .0 0 .551
12 S h e ik h u p u ra 2 ,3 1 2 242 1 ,6 3 6 79 4 .5 8 479 3 ,2 4 0 62 2 1 .7 0 .282
13 M ultan 5 ,6 3 0 880 4 ,0 1 2 116 6 .9 8 1 ,090 4 ,9 7 1 77 3 2 .0 0 .473
14 S ah iw a l 4 ,2 2 4 385 2 ,8 0 9 83 7.76 708 5 ,1 6 4 78 18 ,6 0 .505
15 M u z a f fa rg a rh 5 ,613 120 1 ,5 5 4 132 10 .77 230 2 ,983 11 1 7 .8 0 .2 4 7
16 Dera Ghazi Khan 9 ,359 146 1 ,1 3 4 229 18 .03 281 2 ,1 8 4 294 2 4 .9 0 .257
17 Bahawalpur 9 ,587 225 1 ,073 95 20 .71 486 2 ,3 1 7 52 14 .3 0 .397
18 Bahawal Nagar 3 ,4 2 8 168 1 ,0 7 8 94 7.81 383 2 ,4 5 6 65 1 3 .1 0 .288
19 Rahim Yar Khan 4 ,4 9 3 205 1 ,4 0 2 84 9 .0 0 410 2 ,8 0 4 37 1 9 .0 0 .570
A = Area ( i n  s q u a re  m i l e s )
U.P = Urban p o p u l a t i o n  ( i n  th o u s a n d s )
T.P = T o t a l  p o p u l a t i o n  ( i n  th o u s a n d s )
Dm = L eng th  o f  t o p o l o g i c a l  d ia m e te r  ( i n  m i l e s )
Km = Area p e r  m ile  o f  r o u t e  ( r a i l  + r o a d )
L/u = Number o f  u rb a n  p e o p le  p e r  m ile  o f  r o u t e
L /p - Number o f  p e o p le  p e r  m i le  o f  r o u t e
C = Degree o f  c i r c u i t y
A1 = Mean a c c e s s i b i l i t y  in d e x
S = Shape (Range .0 6 - .9 3 )
v a lu e s  f o r  t h e  r a i l  n e tw o rk s  a r e  d i f f e r e n t ,  A 9 9 ,9  p e r  c e n t  
s i g n i f i c a n t  c o r r e l a t i o n  (K e n d a l)  be tw een  th e  p i  i n d e x  b a se d  on road  
l e n g t h  and r o u t e  l e n g t h  ( r a i l  + r o a d )  i n d i c a t e s  t h a t  a d d i t i o n  o f  r a i l  
l e n g t h  i n  t h e  d i s t r i c t s  does n o t  change th e  r a n k s ,  w i th  t h e  e x c e p t io n  
o f  a few l i k e  L y a l lp u r ,  M u ltan ,  G u j r a t  and Rahim Yar Khan w here  th e  
s u r p l u s  shows a s i g n i f i c a n t  change w i th  t h e  a d d i t i o n  o f  r a i l  l e n g t h .
T h is  change h a s  moved t h e  r a n k s  o f  L y a l lp u r  and M ultan  h i g h e r  due to  
t h e i r  minimum p e r c e n ta g e  o f  p a r a l l e l  r u n n in g  r a i l  and r o a d s  ( 0 .5  p e r  
c e n t  and 4 .2  p e r  c e n t  r e s p e c t i v e l y )  w here t h e  r a i l w a y  l e n g t h  h e lp s  to  
i n c r e a s e  t h e  s u r p l u s .  On th e  o t h e r  hand  a low er  movement o f  t h e  r a n k s  
o f  G u j r a t  and Rahim Yar Khan i s  due t o  t h e i r  maximum p e r c e n ta g e  o f  
p a r a l l e l  r o a d s  (36 p e r  c e n t  and 45 p e r  c e n t  r e s p e c t i v e l y )  w hich does 
n o t  c o n t r i b u t e  t o  th e  i n c r e a s e  o f  s u r p l u s .  W hile com paring  th e  d e g re e  
o f  deve lopm en t w i th  r o u t e  l e n g t h  i t  w i l l  be i n t e r e s t i n g  t o  n o t e  t h a t  
a S p e a rm a n 's  Rho o f  + .443 betw een  a c t u a l  r o a d  l e n g t h  and p i  in d e x  
i n d i c a t e s  a  lo w er  d e g re e  o f  s i g n i f i c a n c e  th a n  t h a t  o f  + 0 .6 8 4  ( 9 9 .9  p e r  
c e n t  s i g n i f i c a n t )  be tw een  e q u i v a l e n t  r o a d  l e n g t h  (on  th e  b a s i s  o f  t e n  
f e e t  s t a n d a r d  w id th )  and p i  i n d e x .  T h is  s u g g e s t s  t h a t  though  t h e r e  i s  
a p o s i t i v e  r e l a t i o n s h i p  be tw een  th e  de g re e  o f  deve lopm en t and r o u t e  
l e n g t h ,  y e t  t h e  s u r p l u s  o f  th e  r o a d s  i s  h i g h e r  i n  t h e  d i s t r i c t s ,
where th e  r o a d s  a r e  w id e .  S i m i l a r l y  a  c o r r e l a t i o n  o f  - . 5 8 5  ( s i g n i f i ­
cance  l e v e l  .0 0 5 )  be tw een  s p a c in g  in d e x  and p i  i n d e x  s u g g e s t s  t h a t  th e  
d i s t r i c t s  w i th  s p a r s e l y  l o c a t e d  v e r t i c e s  have a lo w e r  d e g re e  o f  
deve lopm ent and v i c e  v e r s a .  I t  seems r e a s o n a b le  t o  e x p e c t  t h a t  th e  
shape  o f  t h e  d i s t r i c t  w i l l  d i f f e r  i n  i t s  deg ree  o f  d e v e lo p m en t .  To 
t e s t  t h i s  a l l  t h e  d i s t r i c t s  were m easu red  th ro u g h  th e  s im p l e s t
t e c h n iq u e  w hich  r e l a t e s  p r o p e r t i e s  o f  t h e  a r e a  t o  t h e  p r o p e r t i e s  o f
a c i r c l e  o f  e q u a l  a r e a  (H a g g e t t  1 9 6 5 ) ,  t o  compare w i th  t h e  p i  in d e x .
A p o s i t i v e  c o r r e l a t i o n  o f  0 ,5 1 9  ( s i g n i f i c a n c e  l e v e l  .0 1 2 )  s u g g e s t s  t h a t  
th e  shape h a s  a  s i g n i f i c a n t  e f f e c t  on th e  p i  i n d e x  and th e  d i s t r i c t s  
w i th  compact shape  have  h i g h e r  r o u t e  s u r p l u s  t h a n  th e  d i s t r i c t s  w i th  
l e s s  c i r c l e - l i k e  o r  compact s h a p e .
T ab le  8 .2  g iv e s  t h e  v a lu e s  f o r  th e  d e g re e  o f  r e l a t i o n s h i p  (S p e a rm a n 's  
Rho) betw een  p i  in d e x  and s e l e c t e d  v a r i a b l e s  w hich  have  a c o m p a r a t iv e ly  
h ig h  r e l a t i o n s h i p  w i th  t h e  p i  in d e x  b a sed  on b o th  r a i l  and r o a d s  th a n  
r o a d s  o n ly .  T h is  i n d i c a t e s  t h a t  t h e  a d d i t i o n  o f  r a i l  r o u t e  l e n g t h  as 
a s u r p l u s  f a v o u r s  a s t r o n g e r  r e l a t i o n s h i p  o f  p i  in d e x  w i th  t h e s e  
v a r i a b l e s .  The c o r r e l a t i o n  i s  p o s i t i v e  w i th  t o t a l  p o p u l a t i o n  and r a t h e r
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Table 8.2
RELATIONSHIP BETWEEN PI-INDEX AND SELECTED VARIABLES (1971)
V a r i a b l e s  P i  in d e x  ( r o a d s )  P i  in d e x  ( r a i l  + ro a d )
1 T o ta l  p o p u l a t i o n 0 .375
( 0 .0 5 7 )
0 .495
(0 .0 1 6 )
2 U rban  p o p u l a t i o n 0 .379
(0 .0 5 5 )
0 .549
( 0 .0 0 8 )
3 D i s t r i c t  l e v e l  u rb a n  p o p u l a t i o n  
change ( b a s e d  on 1 931 -0 )
0 .396
( 0 .0 4 7 )
0 .553
( 0 .0 0 8 )
4 Urban p o p u l a t i o n  i n  towns 
more t h a n  2 0 ,0 0 0  +
0 .358
( 0 .0 6 7 )
0 .517
( 0 .0 1 2 )
5 Number o f  u rb a n  p e o p le  p e r  
s q u a re  m ile
0 .471
( 0 .0 2 1 )
0 .5 4 0
( 0 .0 0 9 )
6 Number o f  u rb a n  p e o p le  p e r  
m ile  o f  r o u t e
0 .393
( 0 .0 4 8 )
0 .5 0 0
( 0 ,0 1 5 )
7 P e r c e n ta g e  o f  r e g i s t e r e d  
i n d u s t r i e s
0 .395
(0 .0 4 7 )
0 ,506
( 0 .0 1 4 )
8 Average p o p u l a t i o n  s i z e  o f  
new towns (1931 -1971 )
0.422
(0 .0 3 6 )
0 .537
( 0 .0 0 9 )
9 Average p o p u l a t i o n  s i z e  o f  
new towns (1 9 3 1 -7 1 )  on r a i l
0 .4 3 4
(0 .0 3 2 )
0 .488
(0 .0 1 8 )
10 P e r c e n ta g e  o f  u rb a n  p o p u l a t i o n  
o f  new towns (1 9 3 1 -7 1 )
0 .369
( 0 .0 6 1 )
0 .490
( 0 .0 1 6 )
11 A r r i v a l  o f  w hea t i n  M andies 0 .3 0 4
(0 .1 0 4 )
0 .515
( 0 .0 1 3 )
12 Number o f  h o s p i t a l s 0 .409
( 0 .0 4 1 )
0 .559
(0 .0 0 7 )
N o te :  F ig u re  w i t h i n  b r a c k e t s  i n d i c a t e s  s i g n i f i c a n c e  l e v e l .
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s t r o n g e r  w i th  u rb a n  p o p u l a t i o n  and shows th e  s t r o n g e s t  a t t i t u d e  
to w a rd s  t h e  change o f  u rb a n  p o p u l a t i o n  a f t e r  1931 . T h is  i s  to  be 
n o te d  t h a t  p e r  s q u a re  m ile  d e n s i t y  o f  u r b a n  p o p u l a t i o n  i s  more 
s t r o n g l y  c o r r e l a t e d  w i th  th e  p i  in d e x  t h a n  w i th  p e r  m i le  r o u t e  
d e n s i t y .  Looking i n  te rm s  o f  u rb a n  p o p u l a t i o n  s i z e  o f  th e  
d i s t r i c t s  a v a r y i n g  d e g re e  o f  p o s i t i v e  c o r r e l a t i o n  be tw een  p i  
in d e x  and u rb a n  p o p u l a t i o n  (2 0 ,0 0 0  + ) ,  a v e ra g e  p o p u l a t i o n  o f  new 
towns (1 9 3 1 -1 9 7 1 ) ,  new towns on r a i l  and p e r c e n ta g e  p o p u l a t i o n  o f  
new to w ns , s u g g e s t s  t h a t  th e  d i s t r i c t s  w i th  t h e  new tow ns ( d u r in g  
1931-1971)  have  a h i g h e r  d e g re e  o f  developm ent th a n  th o s e  o f  l a r g e r  
s i z e  tow ns , and w i t h  th o s e  w here t h e  a v e ra g e  p o p u l a t i o n  s i z e  o f  new 
towns on r a i l  i s  h i g h e r .  F i n a l l y  a h i g h e r  d e g re e  o f  c o r r e l a t i o n  w i th  
th e  a r r i v a l  o f  w hea t  and number o f  h o s p i t a l s  i n d i c a t e s  t h e  a s s o c i a ­
t i o n  o f  d e g re e  o f  deve lopm en t w i th  a g r i c u l t u r a l  p ro d u ce  and h e a l t h  
s e r v i c e s .
8 .3  T h e ta  In d ex
T h is  i s  a  r a t i o  o f  t h e  ne tw ork  as  a w hole t o  i t s  v e r t i c e s ,  and 
e x p r e s s e s  t h e  f u n c t i o n  o f  an a v e ra g e  v e r t e x  i n  te rm s  o f  r o u t e  l e n g t h ,  
f r e i g h t ,  volume and t r a f f i c  f lo w  (Kansky 1 9 6 3 ) .  I n  t h i s  s tu d y  i t  i s  
u s e d  t o  i l l u s t r a t e  th e  d i f f i c u l t i e s  o f  com paring  d i s t r i c t  l e v e l  n e t ­
work ( w hich c o v e r s  v e r y  d i f f e r e n t  s i z e d  a r e a s )  i n  te rm s  o f  r o u t e  
l e n g t h  and t r a f f i c  f lo w .  The r a t i o s  can  be s u b d iv id e d  f u r t h e r  
a c c o r d in g  t o  t h e  d e f i n i t i o n  o f  th e  p r o p e r t i e s ,  i e ,  v e r t e x ,  l e n g t h
and f lo w .
i P e r town r o a d  l e n g t h
i i P e r town r o u t e  l e n g t h ( r a i l  + r o a d )
i i i P e r node r o a d  l e n g t h
i v P e r town t r a f f i c  f lo w ( c a r  u n i t s )
V P e r node t r a f f i c  f lo w ( c a r  u n i t s )
P e r  town r o a d  l e n g t h  r a t i o s  v a ry  a c c o rd in g  t o  th e  s i z e  and number o f  
u r b a n  c e n t r e s  i n  th e  d i s t r i c t s .  S m a l le r  n e tw o rk s  w i t h  a  l a r g e  number 
o f  u r b a n  c e n t r e s  (L aho re  and S i a l k o t )  have  a low s c o r e  w h i le  t h e  l a r g e  
n e tw o rk s  w i th  s m a l l  numbers o f  u r b a n  c e n t r e s  (R a w a lp in d i  and Jh a n g )  
have h i g h  s c o r e s .  These s c o r e s  conform  t o  t h e  p r e d i c t e d  p a t t e r n  o f
For d e t a i l  se e  Appendix A
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d i s t r i c t  l e v e l  h ig h  a c c e s s i b i l i t y  (betw een  tow ns) b e in g  m easured  
by h ig h  i n d i c e s .  Sa rgodha  w i th  a l a r g e  n e tw ork  ( r a n k i n g  f i r s t  on 
a c t u a l  r o a d  l e n g t h )  h a s  a  low s c o re  on th e  t h e t a  i n d e x ,  where i t  
r e f l e c t s  a v e r y  l a r g e  number o f  v e r t i c e s .  S i m i l a r l y ,  Bahawal N agar 
(one o f  th e  s m a l l e s t  n e tw o rk s )  a l s o  h a s  a h ig h  t h e t a  i n d e x  s c o re  
b u t  i n  t h i s  c a se  t h e  in d e x  r e f l e c t s  th e  l a r g e  a r e a  and v e ry  s m a l l  
number o f  v e r t i c e s  w hich a r e  f a r  a p a r t  and th e  r o a d  m ile a g e  i n  
r e l a t i o n  t o  t h e  number o f  v e r t i c e s  i s  c o r r e s p o n d in g ly  g r e a t .
P e r  town r o u t e  m ile a g e  r a t i o  o r  t h e t a  in d e x  b a se d  on b o th  r a i l  
and r o a d  l e n g t h  i s  v e ry  s i m i l a r  to  t h a t  o f  t h e  s c o r e s  p e r  town r o a d  
l e n g t h  r a t i o ,  w hich  i s  c o n f i rm e d  by a p o s i t i v e  Rho o f  0 .936  (99 p e r  
c e n t  s i g n i f i c a n t ) .  I t  shows an e q u a l  d i s t r i b u t i o n  o f  r a i l  m ile a g e  
a c c o r d in g  to  t h e  v e r t i c e s  and i n d i c a t e s  a m a jo r  i n f l u e n c e  o f  ro a d  
l e n g t h  as  compared t o  r a i l  m a i le a g e ,  on th e  t h e t a  i n d e x .
With t h e  a d d i t i o n  o f  r a i l  m ile a g e  an i n c r e a s e  i n  p e r  town r o u t e  
l e n g t h  i s  e x p e c t e d ,  b u t  t h e  change i n  te rm s  o f  s c o r e s  i s  v e r y  sm a l l  
and to o  s m a l l  t o  d i s t u r b  th e  r a n k s .  The d e c re a s e  i n  t h e  s c o r e s  can  
be n o te d  i n  th e  d i s t r i c t s  w i th  s m a l l  n e tw o rk s  o f  C am pbelpur, M u z a f fa r ­
g a rh  and Rahim Yar Khan, w h i l e  t h e  i n c r e a s i n g l y  l a r g e  n e tw o rk s  a re  
M ultan  and L y a l lp u r  d i s t r i c t s  ( r a n k in g  f i r s t  and seco n d  r e s p e c t i v e l y  
on r a i l  n e t  l e n g t h ) .
With p e r  node r o u t e  l e n g t h  r a t i o ,  th e  p a t t e r n  i s  v e r y  d i f f e r e n t  
due t o  v a r y i n g  tow n-node r a t i o s  i n  th e  d i s t r i c t s .  The v a lu e s  a r e  h ig h  
i n  th e  l e s s  d e v e lo p e d  d i s t r i c t  o f  Bahawal N aga r ,  Campelpur and Dera 
Ghazi Khan, w h i l e  low i n  t h e  d i s t r i c t s  o f  L a h o re ,  S a h iw a l ,  L y a l lp u r  and 
S a rgodha  w hich p r o v id e  c o m p a r a t iv e ly  more t r a n s p o r t a t i o n  l in k a g e  to  
t h e i r  h i n t e r l a n d s  and r u r a l  p o p u l a t i o n  and , w here t h e  p a t t e r n  o f  
i n t e r n a l  h ig h  a c c e s s i b i l i t y  can  be p r e d i c t e d .
I n  a  d e v e lo p in g  r e g i o n  l i k e  th e  P a n ja b ,  i t  i s  e x p e c t e d  t h a t  t h e  
l a r g e r  t h e  c e n t r e  th e  more l in k a g e  and f a c i l i t i e s  i t  w i l l  p ro v id e  t o  
i t s  h i n t e r l a n d s  and o t h e r  s m a l l e r  u rb a n  c e n t r e s .  T h e r e f o r e  t h r e e  
u n d e r l y i n g  f a c t o r s  a re  assumed t o  i n f l u e n c e  th e  i n d e x  o f  t r a n s p o r t a t i o n  
n e tw o rk  w i t h i n  a r e g i o n ;  s t r u c t u r e ,  l e n g t h  and f u n c t i o n .  To compare 
t h e  d i s t r i c t s  a c c o r d in g  t o  th e  f u n c t i o n s  o f  t h e i r  v e r t i c e s  i t  i s
p o s s i b l e  t o  w e ig h t  t h e  n e tw o rk s  a c c o rd in g  to  t h e i r  t r a f f i c  f lo w s .
These d i s t o r t e d  r a t i o s  be tw een  th e  t o t a l  ne tw o rk  and t h e i r  v e r t i c e s  
w i l l  be u s e f u l  t o  i d e n t i f y  th e  v a r i a t i o n s  o f  th e  d i s t r i c t s  i n  te rm s  o f  
t r a f f i c  f lo w  c a r r i e d  by t h e i r  v e r t i c e s  ( to w n s ) .  A c c o rd in g  t o  Z a id i  
(1968)  f lo w  p a t t e r n  d e p ic t e d  i n  te rm s  o f  t h e  volume o f  t r a f f i c  i s  
c e r t a i n l y  a s u p e r i o r  in d e x  to  t h e  e f f i c i e n c y  o f  t r a n s p o r t a t i o n  and 
com m unica tion  f a c i l i t i e s .
8 .4  T r a f f i c  Flow
The p i c t u r e ,  d e p i c t i n g  p e r  v e r t e x  t r a f f i c  f o r  th e  d i s t r i c t s ,  i s  
i n t e r e s t i n g .  The m ost s t r i k i n g  f e a t u r e  i s  t h a t  t h e  d i s t r i c t s ,  l o c a t e d  
a lo n g  th e  main r o a d s ,  Lahore  t o  R aw alp ind i  and L ahore  t o  L y a l lp u r  v i a  
S h e ik h u p u ra ,  s c o re  h ig h  r a n k s .  R aw alp ind i  i n  s p i t e  o f  i t s  p e r i p h e r a l  
l o c a t i o n  ( w i th  a low number o f  tow ns)  s e c u r e s  t h e  l e a d i n g  p o s i t i o n  
b e c au se  o f  th e  F e d e r a l  c a p i t a l  o f  I s la m a b a d .  I t  i s  f o l lo w e d  by Lahore  
d i s t r i c t ,  w hich  i s  due t o  t h e  l a r g e  p o p u l a t i o n  and f u n c t i o n a l  c o m p le x i ty  
o f  L ahore  c i t y .  These  d i s t r i c t s  a re  th e n  f o l lo w e d  by r e l a t i v e l y  more 
d e n s e ly  p o p u la t e d  and e c o n o m ic a l ly  p r o s p e r o u s  d i s t r i c t s  o f  L y a l lp u r  and 
S h e ik h u p u ra .  The p o s i t i o n  o f  Jhe lum  d i s t r i c t  i s  h ig h  i n  t h e  d i s t r i c t s  
o f  t h e  f i r s t  q u a r t i l e .  T h is  i s  becau se  o f  t h e  n e ig h b o u r in g  p o s i t i o n  o f  
R a w alp in d i  and I s la m a b a d  w hich  h e l p s  Jhelum  to  s e c u r e  t h e  h i g h e s t  r a n k  
i n  te rm s  o f  t r a f f i c  f lo w .  Jhe lum  d i s t r i c t  p l a y s  t h e  same r o l e  i n  
c o n n e c t in g  I s la m a b a d  w i th  th e  r e g i o n  as  S h e ik h u p u ra  p l a y s  f o r  L a h o re .  
Both o f  t h e s e  c i t i e s  ( I s la m a b a d  and L ah o re )  w i th  p e r i p h e r a l  l o c a t i o n  
i n  t h e  n o r th  and e a s t  a re  c o n n e c te d  w i th  t h e  c e n t r e  th ro u g h  t h e i r  
n e ig h b o u r  d i s t r i c t s  o f  Jhe lum  and S h e ik h u p u ra  r e s p e c t i v e l y .  Most o f  
th e  towns o f  t h e s e  d i s t r i c t s  e n jo y  th e  h i g h e s t  r a t i o  o f  t r a f f i c  f lo w ,  
due t o  t h e i r  l o c a t i o n  on th e  m ain  r o u t e .  High s c o re  v a l u e s  can  be 
p r e d i c t e d  f o r  t h e s e  towns on g e n e r a l ' n o d a l  a c c e s s i b i l i t y ' ,  and 
p a r t i c u l a r l y  on ' t im e  a c c e s s i b i l i t y '  s c a l e  b e c au se  h ig h  t r a f f i c  f lo w  
th ro u g h  i n t e r s e c t i o n s  r e f l e c t s  th e  e f f i c i e n c y  o f  t h e  n e tw o rk .
A co m p ar iso n  o f  t h e t a  in d e x  ( t r a f f i c  f lo w )  be tw een  th e  d i s t r i c t s  
shows t h a t  th e  v a l u e s  a re  h ig h  i n  th e  s m a l l  ne tw ork  ( d i s t r i c t s )  o f  
w ide r o a d s  w i th  main c i t i e s  (R a w a lp in d i ,  L a h o re ,  G u jra n w a la )  w h i le  
th e  l a r g e  s i z e  d i s t r i c t s  w i t h  s m a l l  towns (B ah aw a lp u r ,  Bahawal N agar ,  
Dera Ghazi Khan and M ianw ali)  have low s c o r e s .  Among th e  f o u r  s o u th e r n
and p e r i p h e r a l  d i s t r i c t s  ( o f  B ahaw alpur, Bahawal N agar ,  Dera Ghazi.K han 
and Rahim Y ar Khan) t h e  p o s i t i o n  o f  Rahim Yar Khan comes up ( r a n k s  
e i g h t h )  s t r i k i n g l y  i n  th e  i n d e x .  T h is  seems t o  be b e c au se  o f  i t s  
e x trem e  s o u t h e r l y  l o c a t i o n  ( s e e  F i g u r e M ) ,  w i th  a  main r o u t e  th ro u g h  
i t ,  c o n n e c t in g  th e  P a n ja b  w i th  t h e  s e a p o r t  o f  K a r a c h i .  A h ig h
f r e q u e n c y  o f  t r u c k  f lo w  h e lp s  t h e  d i s t r i c t  t o  s e c u r e  a h ig h  r a n k  on
t h i s  in d e x .  The im p o r ta n c e  o f  t h i s  l i n k  w i l l  be f u r t h e r  h i g h l i g h t e d
th ro u g h  e t a  i n d e x ,  i n  t h e  n e x t  s e c t i o n .
A s i g n i f i c a n t  ( 9 9 .9  p e r  c e n t )  c o r r e l a t i o n  b e tw een  p e r  town and 
p e r  node t r a f f i c  f lo w  r a t i o s ,  s u g g e s t s  a s i m i l a r  p a t t e r n  o f  th e  
d i s t r i c t s .  F i n a l l y ,  t o  t e s t  th e  a ssu m p tio n  t h a t  s t r u c t u r e  o f  t r a n s ­
p o r t a t i o n  ne tw o rk  i s  a  r e f l e c t i o n  o f  th e  n e tw o r k 's  t r a f f i c  f lo w  p a t t e r n ,  
th e  h i e r a r c h i e s  o f  th e  d i s t r i c t s  b a s e d  on p e r  town r o u t e  l e n g t h  and 
p e r  town t r a f f i c  f lo w  a re  com pared . A p o s i t i v e  b u t  low c o r r e l a t i o n  
(+ .2 3 3 )  s u g g e s t s  a b ig  c o n t r a s t  i n  th e  h i e r a r c h y  o f  t h e  d i s t r i c t s  i n  
te rm s  o f  l e n g t h  and w id th  o f  th e  l i n k s  and th e  t r a f f i c  th e y  c a r r y ,  
R a w alp in d i  w i th  t h e  h i g h e s t  t r a f f i c  f lo w  r a t i o  h a s  t h e  lo w e s t  s c o re s  
on r o u t e  l e n g t h  r a t i o  and on th e  o t h e r  hand S i a l k o t  w i t h  a  h ig h  r o u te  
l e n g t h  r a t i o  h a s  a  low t r a f f i c  f lo w  r a t i o .  The d i s t r i c t s  w i th  sm a l l  
changes i n  t h e  h i e r a r c h y  can  be n o te d  as  L a h o re ,  M u ltan ,  B ahaw alpur, 
G u jran w a la ,  S ah iw a l  and M u z a f f a rg a rh .  These c o n t r a s t s  a r e  due t o  w id th  
o f  r o a d s  ( r a t i o  be tw een  a c t u a l  and e q u iv a l e n t  r o a d s )  w hich  i s  more 
s i g n i f i c a n t l y  c o r r e l a t e d  w i th  t r a f f i c  f lo w  r a t i o s  (+ .6 1 4 )  th a n  th e  
r o u t e  l e n g t h  r a t i o s  ( . 2 3 5 ) ,  w hich  Aoa
8 .5  E ta  In d e x
T h is  i s  a l s o  a r a t i o  m easure  and i s  u se d  t o  compare t h e  d i s t r i c t s .
I n  t h e  t o p o l o g i c a l  i n d i c e s  edges  r e p r e s e n t  j u s t  th e  p h y s i c a l  c o n n e c t io n  
i r r e s p e c t i v e  o f  t h e  d i s t a n c e  o r  any ty p e  o f  w e ig h t  b u t  i n  th e  r e g i o n  
edges  v a ry  a c c o r d in g  t o  t h e i r  q u a l i t i e s  ( such  a s  l e n g t h ,  w id th ,  l o c a t i o n  
and p a r t i c u l a r l y  th e  f lo w  th e y  c a r r y  a lo n g ) .  T h is  v a r i a t i o n  makes th e  
c om parison  v e ry  d i f f i c u l t .  E ta  i n d e x  i s  a  r a t i o  i n d i c a t i n g  th e  p o s i t i o n  
o f  a v e ra g e  edge i n  te rm s  o f  i t s  q u a l i t y .  T h is  e x p r e s s e s  t h e  r e l a t i o n s h i p  
betw een  th e  t r a n s p o r t a t i o n  n e tw ork  as  a whole and i t s  r o u t e s  a s  i n d i v i ­
d u a l  e le m e n ts  o f  th e  n e tw o rk .  On th e  b a s i s  o f  t h e s e  r a t i o s  i t  i s  p o s s i b l e  
t o  compare th e  d i s t r i c t s .  As th e  va lues  o f  t h i s  in d e x  t o t a l l y  depend
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upon th e  d e f i n i t i o n  o f  t h e  ' v e r t e x 1, t h e  i n c l u s i o n  o f  more nodes  i n  
t h e  ne tw o rk  g i v e s  lo w e r  v a l u e s .  T h e r e f o r e  b o th  t h e  d e f i n i t i o n s  have 
been  ad o p te d  i n  t h i s  a n a l y s i s  ( i e .  edge betw een ' t o w n s '  and ' n o d e s ' ) .
A p o s i t i v e  b u t  weak c o r r e l a t i o n  (4-.553 s i g .  .008 )  be tw een  b o th  
d e f i n i t i o n s  s u g g e s t s  a  v a r i a t i o n  i n  th e  p a t t e r n ,  w hich  i s  due to  a 
c o n s i d e r a b l e  c o n t r a s t  be tw een  th e  r a t i o s  o f  th e  number o f  nodes  and 
towns i n  t h e  d i s t r i c t s ,  l i k e  R a w a lp in d i ,  M u z a f fa rg a rh  and Dera Ghazi 
Khan on th e  one s id e  ( h ig h  r a t i o s )  w h i l e  Jh e lu m ,S a rg o d h a  and M ultan  on 
th e  o t h e r  have  low er  r a t i o s  o f  n o d e s .  The v a l u e s  o b t a i n e d  on t h i s  
in d e x  a re  d i f f e r e n t  a s  by t h e t a ,  b u t  t h e  h i e r a r c h y  o f  t h e  d i s t r i c t s  
s u g g e s t s  a s i m i l a r  p a t t e r n  o f  a c c e s s i b i l i t y ,
A t r a n s p o r t  n e tw o rk  can  be th o u g h t  o f  e i t h e r  a s  a  sy s tem  o f  
ro u te w a y s  ( c h a n n e l  o f  movements) o r  a  sys tem  o f  t r a f f i c  f lo w  moving 
a lo n g  t h e s e  c h a n n e l s .  The c h a n n e ls  a r e  m easured  by c o n n e c t i v i t y  w h i le  
t h e  movement i t s e l f  can be d e s c r i b e d  by t r a f f i c  f lo w  and i t s  d e n s i t y .  
The i n t e g r a t i o n  o f  t h e  p e o p le  w i t h i n  th e  P a n jab  r e g i o n  c a n  be m easured  
by exam in ing  t h e  e x t e n t  t o  w hich t h e  t r a n s p o r t a t i o n  n e tw o rk s  a re  
u t i l i z e d .  T h is  a n a l y s i s  h a s  been l i m i t e d  to  th e  r o a d  t r a n s p o r t  system  
o f  t h e  r e g i o n .  The r o a d  n e tw o rk s  o f  t h e  d i s t r i c t s  a r e  m a in ly  u s e d  by 
b o th  ty p e s  (non  m o to r i s e d  and m o to r i s e d )  o f  t r a f f i c .  Among t h e  non­
m o to r i s e d  t r a f f i c  b i c y c l e s  and an im al  drawn v e h i c l e s  a r e  im p o r ta n t  
means o f  t r a n s p o r t a t i o n  ( f o r  p e o p le  and goods r e s p e c t i v e l y )  f o r  t h e  
d i s t a n c e s  o f  a p p ro x im a te ly  t e n  m i l e s .  With th e  e x c e p t io n  o f  a  few 
r o u t e s ,  t h e  r a i l w a y s ,  a f t e r  p l a y in g  an im p o r ta n t  p i o n e e r  r o l e  i n  th e
e s t a b l i s h m e n t  o f  r e g i o n a l  t r a n s p o r t  i n f r a s t r u c t u r e ,  have  been dom ina ted
of-
by t h e  s t e a d y  r i s e  o f  t h e  r o a d  t r a f f i c  i n  t h e  w h o le aPa n ja b .
To u n d e r s t a n d  t h e  im p o r ta n c e  o f  r o a d  n e tw o rk s  i n  te rm s  o f  th e  
t r a f f i c  c a r r i e d  by t h e i r  l i n k s ,  th e  t r a f f i c  f lo w  h a s  been  m easured  by 
e t a  in d e x  a t  d i s t r i c t  l e v e l .  I t  g i v e s  a c lo s e  p i c t u r e  o f  t h e  a v e ra g e  
movement i n  t h e  d i s t r i c t s  by b r i e f l y  exam ining  th e  modes o f  bo th  
m o to r i s e d  and non m o to r i s e d  t r a n s p o r t  sys tem s s e p a r a t e l y .
a  Non M o to t i s e d  T r a f f i c
As th e  s p a t i a l  d i s t r i b u t i o n  o f  o v e r a l l  t r a f f i c  f lo w  among th e  
d i s t r i c t s  o f  t h e  P a n ja b  i s  c h a r a c t e r i s e d  by w ide  v a r i a t i o n s ;  a  number
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Table 8.3
RELATIONSHIP BETWEEN TRAFFIC FLOW (ETA INDEX)
AND• SELECTED VARIABLES, (1971)
V a r i a b l e s  M otor c y c le s Motor c a r s Buses Trucks Car U nit!
1 Area - .4 5 1
( .0 2 7 )
- .6 6 3
( .0 0 1 )
- .6 0 2
( .0 0 4 )
- .4 1 0
( .0 4 1 )
- .5 3 8
( .0 0 9 )
2 T o t a l  p o p u l a t i o n .581
( .0 0 1 )
.498
( .0 1 5 )
.593
( .0 0 4 )
.371
( .0 5 9 )
.549
( .0 0 8 )
3 Urban p o p u l a t i o n .549
( .0 0 8 )
.456
( .0 2 5 )
.593
( .0 0 4 )
.300
( .1 0 6 )
.498
( .0 1 5 )
4 D e n s i ty .707
( .0 0 1 )
.644
( .0 0 2 )
.733
( . 0 0 1 )
.393
( .0 4 8 )
.595
( .0 0 4 )
5 Number o f  u r b a n  p e o p le  
p e r  sq u a re  m ile
.652
( .0 0 2 )
.683
( .0 0 1 )
.735
( .0 0 1 )
.433
( .0 3 3 )
.630
( .0 0 2 )
6 P e r c e n ta g e  o f  u rb a n  
p o p u l a t i o n  ( t o t a l  
p o p u l a t i o n )
.323
( .0 8 9 )
.421
( .0 3 7 )
.438
( . 0 3 1 )
.323
( . 0 8 9 )
.442
( .0 2 9 )
7 A c tu a l  i n c r e a s e  o f  
t o t a l  p o p u l a t i o n  
1961-71
.552
( .0 0 8 )
.514
( .0 1 3 )
.596
( .0 0 4 )
.431
( .0 3 3 )
.584
( .0 0 5 )
8 W idth o f  r o a d s .681
( .0 0 1 )
.407
( .0 4 2 )
.623
( . 0 0 3 )
.513
( .0 1 3 )
.619
( .0 0 3 )
9 Number o f  u r b a n  p e o p le  
p e r  m i le  o f  r o u t e
.655
( .0 0 2 )
.560
( .0 0 7 )
.689
( . 0 0 1 )
.399
( .0 4 6 )
.575 
( .0 0 5 )
10 P e r c e n ta g e  o f  
i n d u s t r i e s
.830
( .0 0 1 )
.570
( .0 0 6 )
.685
( . 0 0 1 )
.424
( .0 3 6 )
.573
( .0 0 6 )
11 S p a c in g  o f  towns - .6 1 8
( .0 0 3 )
- . 6 4 4
( .0 0 2 )
- .6 3 6
( .0 0 2 )
-  .364  
( .0 6 3 )
- .4 4 6
( .0 2 8 )
Notes F ig u re  w i t h i n  t h e  b r a c k e t  i n d i c a t e  s i g n i f i c a n c e  l e v e l .
o f  f a c t o r s  seem t o  be r e s p o n s i b l e  f o r  th e  d i s t r i b u t i o n  o f  non m o to r is e d  
t r a f f i c .  Among th e  m ost im p o r ta n t  a r e  t h e  p h y s io g r a p h y ,  i r r i g a t i o n  and 
a g r i c u l t u r e  as  w e l l  as t h e  s i z e  o f  t h e  r o a d s .  The p h y s io g ra p h y  o f  th e  
d i s t r i c t s  h a s  an im p o r ta n t  b e a r in g  on th e  s c o r e s  o f  t h e  i n d e x  ( f o r  non­
m o to r i s e d  t r a f f i c )  which a r e  low er  i n  t h e  h i l l y  d i s t r i c t s  and h ig h  i n  
th e  e a s t e r n  and c e n t r a l  d i s t r i c t s  ( s e e  F ig u re  8 .3 )  w here th e  
a g r i c u l t u r a l  p ro d u ce  i s  t r a n s p o r t e d  t o  t h e  m a r k e ts .  A s i g n i f i c a n t  
c o r r e l a t i o n  (+ 0 .5 6 7 )  be tw een  th e  e t a  in d e x  f o r  non  m o to r i s e d  t r a f f i c  
and th e  a r r i v a l  o f  w hea t i n  t h e  m a rk e ts  c o n f i rm s  th e  f a c t .  S i m i l a r l y ,  
h ig h  s c o r e s  f o r  s h o r t  d i s t a n c e  movement o f  t h e  p e o p le  can  be e x p e c te d  
i n  t h e  d i s t r i c t s  w i th  h ig h  r a t i o s  o f  u rb a n  p o p u l a t i o n  and i n d u s t r i a l ­
i z a t i o n ,  a s  i t  can  be exam ined by th e  d i f f e r e n c e  o f  r e l a t i o n s h i p .
The d e g re e  o f  r e l a t i o n s h i p  betw een  e t a  in d e x  s c o r e s  f o r  b i c y c l e s  and 
p e r c e n ta g e  o f  r e g i s t e r e d  i n d u s t r i e s  (+  0 .7 0 5 )  i s  h i g h e r  t h a n  th e  
r e l a t i o n s h i p  o f  t h e  i n d e x  w i th  u rb a n  d e n s i t y  (+  0 . 4 3 ) ,  w hich s u g g e s t s  
t h a t  t h e  r a t i o  o f  i n d u s t r i e s  h a s  a c o m p a r a t iv e ly  g r e a t  i n f l u e n c e .
F i n a l l y  on th e  b a s i s  o f  th e  u n i t s  f o r  non m o to r i s e d  t r a f f i c  i t  i s  
c o n c lu d e d  t h a t  th e  b e l t  o f  h ig h  s c o re  d i s t r i c t s  e x te n d s  from  Lahore  t o  
L y a l lp u r  and t h e n  up t o  G u j r a t  i n  th e  n o r t h .  The low s c o re  zone l i e s  
i n  t h e  w e s t  from  R aw alp in d i  t o  Dera Ghazi Khan th ro u g h  Cam pbelpur, 
M ianw ali and M u z a f fa rg a rh  w hich  i n c l u d e s  e i t h e r  h i l l y  a r e a  o r  d e s e r t  
w i th  an a b sen c e  o f  i n d u s t r i e s ,  u r b a n i z a t i o n  and m a rk e ts  as  compared 
t o  t h e  w e s t e r n  p a r t  o f  t h e  r e g i o n .  The zone c o r r e s p o n d in g  t o  
c o m p a r a t iv e ly  poo r  p h y s i c a l ,  com m ercial and a d m i n i s t r a t i v e  e n t i t i e s  i s  
e x p e c te d  t o  show a good r e s p o n s e  w i th  th e  new deve lopm en t o f  ro a d s  
p a r t i c u l a r l y  i n  t h e  d i s t r i c t s  o f  M ianw ali and M u z a f f a r g a rh .
•b M o to r i s e d  T r a f f i c
By th e  m o to r i s e d  t r a f f i c  f lo w  we encompass n o t  o n ly  a r a n g e  o f  
t r a n s p o r t e d  com m odities  b u t  a l s o  t h e  e n e rg y  f lo w  t h a t  l e a d s  t o  th e  
c r e a t i o n  o f  t e n s i o n a l  n e tw o rk s  (H a g g e t t  1 9 6 9 ) .  T h i s  s e c t i o n  d e a l s  
w i th  t h e  modes o f  t r a n s p o r t  w hich move th e  p e o p le  and goods f o r  a 
d i s t a n c e  o f  more t h a n  t e n  m i l e s .  The d i s t r i c t  l e v e l  e t a  in d e x  
m easu red  f o r  t h e  s e p a r a t e  modes o f  m o to r i s e d  t r a n s p o r t  w i l l  be h e l p f u l  
t o  i d e n t i f y  t h e  d i s t r i c t s  a c c o r d in g  t o  th e  f lo w  c a r r i e d  by each  l i n k ,  
w hich  c an  t h e n  be compared to  u n d e r s t a n d  th e  im p o r ta n c e  o f  th o s e  l i n k s
(which were d i f f i c u l t  t o  a s s e s s  by th e  s im p le  n o n - m e t r i c a t e d  i n d i c e s ) .  
A p a r t  from  t h a t ,  coming t o  t h e  main fo c u s  o f  th e  s tu d y ,  w hich  i s  t o  
m easure  t h e  r e l a t i o n s h i p  be tw een  s t r u c t u r e  o f  t r a n s p o r t  n e tw o rk s  and 
u rb a n  g row th  i n  t h e  r e g i o n ,  t h i s  a n a l y s i s  i s  employed b e c a u se  i t  i s  
u s e f u l  t o  t e s t  t h e  f o l l o w in g  a s su m p t io n s :
1 .  The f lo w  a lo n g  th e  l i n k s  i t s e l f  changes  t h e  v a lu e  o f  a l i n k
and t h e r e f o r e  t h e  p a t t e r n  o f  th e  s h o r t e s t  p a t h .
2 .  The f lo w  a lo n g  th e  l i n k s  w i l l  l e a d  t o  r e - e v a l u a t i o n  o f  t h e
l o c a t i o n a l  a d v a n ta g e s  o f  v e r t i c e s  w i t h i n  th e  n e tw o rk  and i n  t h e  
l o n g e r  t e r m ,  t o  c o n s e q u e n t  changes  i n  th e  l a n d  u s e  and t r a f f i c  
g e n e r a t i o n ,
3 .  The f lo w  a lo n g  th e  l i n k s  w i l l  a f f e c t  th e  l o c a t i o n a l  a c c e s s i b i l i t y
i n  te rm s  o f  t im e  and c o s t  on l o c a l ,  s u b - r e g i o n a l  and r e g i o n a l  l i n k s .
The modal v a r i a t i o n s  i n  th e  d i s t r i c t s  r e f l e c t  a  number o f  r e a s o n s .  
These a r e  m a in ly  due t o  v a r i a t i o n s  i n  t h e  l o c a t i o n a l  s t r u c t u r e  o f  
d i f f e r e n t  com plem entary  a c t i v i t i e s ,  t h e i r  t y p e ,  l o c a t i o n  and i n t e n s i t y .  
A p a r t  from  t h a t ,  t h e  g e o g ra p h ic  p a t t e r n  o f  v a r i o u s  p o p u l a t i o n  u n i t s  
and economic c h a r a c t e r i s t i c s  have  im p o r ta n t  i m p l i c a t i o n s  f o r  t h e s e  
v a r i a t i o n s .  The c o m p le m e n ta r i ty  o f  u rb a n  s u b - a r e a s  i s  th e  most 
im p o r ta n t  f a c t o r  i n  t r a f f i c  movement. The n o r t h  e a s t e r n  d i s t r i c t s  
w hich p r o v id e  good l o c a t i o n s  f o r  a c t i v i t i e s  i n  t h e  u r b a n  a r e a s  have 
h ig h  s c o r e s ,  w h i l e  t h e  p e r i p h e r a l  d i s t r i c t s  w i th  poo r  a c t i v i t i e s  have  
low s c o r e s .
L ooking a t  th e  i n d i v i d u a l  modes o f  t r a n s p o r t  a c c o r d in g  t o  th e  
a c t i v i t i e s  th e  p a t t e r n  o f  m otor c y c l e s  movement, w hich  a r e  e i t h e r  u s e d  
w i t h i n  t h e  c i t y  o r  f o r  a  s h o r t  d i s t a n c e ,  i s  s i m i l a r  t o  t h a t  o f  non­
m o to r i s e d  t r a f f i c ,  c o v e r in g  t h e  same zones on th e  to p  and bo ttom  o f  
t h e  s c a l e .  The h i e r a r c h y  o f  t h e  d i s t r i c t s  e s t a b l i s h e d  by m otor c a r s  
i s  d i f f e r e n t  and r e f l e c t s  t h e i r  dominance e i t h e r  i n  h i g h l y  u r b a n iz e d  
d i s t r i c t s  w i th  b ig  c i t i e s  o r  th e  d i s t r i c t s  l y i n g  on th e  way t o  c i t i e s .  
The p a t t e r n  f o l l o w s  t h e  main h ighw ays o f  th e  r e g i o n .  The h ig h  peaks  
o f  th e  f lo w  a r e  e v i d e n t  i n  R aw alp in d i  due t o  I s la m a b a d .  They d e c re a s e  
down t o  t h e  s o u th  from  G u jran w a la ,  Lahore and S h e ik h u p u ra  to  L y a l l p u r ,  
and t h e n  f u r t h e r  down t o  th e  d i s t r i c t s  w i th  p oo r  economic h e a l t h .
is
The r a n k s  o f  th e  d i s t r i c t s  a c c o r d in g  t o  th e  e t a  i n d e x  s c o r e s  m easured  
by v a r i o u s  modes o f  m o to r i s e d  and n o n -m o to r i s e d  t r a f f i c  a re  g iv e n  i n  
Appendix  J .
Our m ajo r  c o n c e rn  i s  w i th  p u b l i c  t r a n s p o r t  by t r u c k s  and. b u ses  
w hich  were more o r  l e s s  r e s t r i c t e d  t o  s e r v in g  r o u t e s  w i t h i n  a p a r t i c u l a r  
d i s t r i c t .  However, s i n c e  1959, t h a t  r e s t r i c t i o n  was removed and now 
th e y  a re  f r e e  t o  o p e r a t e  th ro u g h o u t  P a k i s t a n ,  The b a s i c  aim o f  th e s e  
modes o f  t r a n s p o r t  i s  t o  p r o v id e  a r e l i a b l e  and e f f i c i e n t  t r a n s p o r t  
s e r v i c e  a d e q u a te  t o  m eet t h e  economic and s o c i a l  r e q u i r e m e n ts  o f  th e  
movements o f  goods and p e o p le .  These may be c o n s id e r e d  i n  th e  
f o l l o w in g  two g ro u p s  w hich  v a ry  a c c o r d in g  t o  vo lum e, o r i g i n  and 
d e s t i n a t i o n s ,  d i s t a n c e s  and c o s t .
1 .  movement be tw een  m a jo r  c e n t r e s  o f  p r o d u c t i o n  and consum ption
2 .  d i s t r i b u t i o n  and l o c a l  movements betw een th e  m a jo r  economic 
c e n t r e s  and th e  n e a r  and f a r  h i n t e r l a n d s .
The s p a t i a l  d i s t r i b u t i o n  o f  bus f lo w  a s s e s s e d  by e t a  i n d e x  s u g g e s t s  
t h a t  th e  h i g h e r  s c o r e s  a r e  i n  th e  d i s t r i c t s  w i th  good s p a c in g  o f  towns 
and economic a c t i v i t i e s .  As t h e  o r i g i n  and d e s t i n a t i o n s  o f  t r u c k  
movement a r e  s p re a d  th ro u g h o u t  th e  c o u n t r y ,  th e  p a t t e r n  o f  movement on 
t h i s  s c a l e  i s  n o t  sm ooth . A p a r t  from  t h a t  th e  i r r e g u l a r  d i s t r i b u t i o n  
o f  th e  d i s t r i c t s  i n  te rm s  o f  s i z e  and l o c a t i o n  c r e a t e  v a r i a t i o n s  
( p a r t i c u l a r l y  t h e  u s e  o f  b r i d g e s )  f o r  th e  long  d i s t a n c e  movement, a t  
t h e  d i s t r i c t  l e v e l .  I t  shows t h a t  th e  s p a t i a l  d i s t r i b u t i o n  o f  t r a f f i c  
f lo w s  among t h e  P a n jab  d i s t r i c t s  i s  c h a r a c t e r i s e d  by w ide v a r i a t i o n s  
as a r e s u l t  o f  c o n t r a s t s  i n  t h e  d i f f e r e n t  s t r u c t u r a l  d im e n s io n s :  
d e m o g r a p h ic a l , o c c u p a t i o n a l ,  i n d u s t r i a l  and f u n c t i o n a l .  I t  w i l l  be 
i n t e r e s t i n g  t o  i d e n t i f y  t h e s e  d im en s io n s  a c c o r d in g  t o  t h e i r  r e l a t i o n  
w i th  t h e  i n d i v i d u a l  modes o f  t r a f f i c  f lo w ,  m easu red  by th e  e t a  i n d e x .  
T h is  r e l a t i o n s h i p  h a s  been  m easu red  w i th  S p e a rm a n 's  Rho and i s  
p r e s e n t e d  i n  T ab le  8 . 3 ,  The Tab le  shows th e  e x t e n t  o f  t h e  r e l a t i o n ­
s h ip  betw een th e  p e r  l i n k  a v e ra g e  r a t i o  o f  t r a f f i c  f lo w  ( e t a  in d e x )  
and some s e l e c t e d  v a r i a b l e s  u n d e r  d i s c u s s i o n .
For s m a l l e r  u n i t s  l i k e  d i s t r i c t s  th e  f low  o f  m o to r c y c le s  i s  a 
u s e f u l  medium t o  d e m o n s t ra te  th e  a n a l y s i s  o f  l i n k a g e  p a t t e r n  o f  th e  
r e g i o n .  They a r e  u se d  f o r  a sm a l l  s c a l e  d i s t a n c e ,  t h e r e f o r e  th e  
p i c t u r e  o f  r e l a t i o n s h i p s  o b t a in e d  th ro u g h  t h i s  mode o f  t r a n s p o r t  
g i v e s  a c l e a r e r  i d e a  t h a n  th e  o t h e r s  which a r e  m o s t ly  u s e d  f o r  i n t e r ­
d i s t r i c t  movement. The f lo w  r a t i o  o f  m otor c y c l e s  shows a h ig h  
d e g re e  o f  r e l a t i o n s h i p  w i th  th e  d i s t r i b u t i o n  o f  i n d u s t r i e s .  T h is  
p a t t e r n  i s  th e n  f o l lo w e d  by th e  d e n s i t i e s  o f  t o t a l  p o p u l a t i o n .  I t
i n d i c a t e s  t h a t  t h i s  mode o f  t r a n s p o r t  i s  more c o n c e rn e d  w i th  th e  
l o c a t i o n  o f  a c t i v i t i e s  i n  t h e  u rb a n  a r e a s .  An i n v e r s e  c o r r e l a t i o n  
w i th  a r e a  and s p a c in g  o f  t h e  towns s u g g e s t s  t h a t  m o to r  c y c le  f lo w s  
a r e  h ig h  i n  th e  sm a l l  and complex d i s t r i c t s .
As th e  r o a d  ne tw o rk  i s  m o s t ly  u s e d  by p a s s e n g e r  and goods t r a n s p o r t  
(b u s e s  and t r u c k s )  and t h e  r a t i o  o f  p r i v a t e  c a r s  i s  c o m p a r a t iv e ly  l e s s ,  
a s l i g h t l y  d i f f e r e n t  p i c t u r e  can  be e x p e c te d  f o r  m otor  c a r s .  An 
e x a m in a t io n  o f  t h e  r e l a t i o n s h i p  betw een  m otor  c a r  f lo w  and o t h e r  
v a r i a b l e s  shows t h a t  i t  i s  h i g h l y  a s s o c i a t e d  w i th  s m a l l e r  s i z e ,  complex 
and d e n s e ly  (u rb a n )  p o p u la t e d  d i s t r i c t s ,  w h i le  t h e  f lo w  o f  b u se s  (w hich 
s e rv e  r u r a l  p o p u l a t i o n s  as  w e l l )  i s  more s i g n i f i c a n t l y  r e l a t e d  t o  th e  
p o p u l a t i o n  d e n s i t y  ( r u r a l  and u r b a n )  and th e  d i s t r i b u t i o n  o f  i n d u s t r i e s  
( s e e  T ab le  8 . 3 ) .  Being a m a jo r  and s c h e d u le d  means o f  com m unica tion  
t h e  f lo w  o f  b u s e s  i n  th e  v a r i o u s  d i s t r i c t s  g iv e s  a  u s e f u l  i d e a  a b o u t  
t h e  f r e q u e n c y  o f  bus s e r v i c e s .  An i n v e r s e  and s i g n i f i c a n t  r e l a t i o n ­
s h ip  o f  bus s e r v i c e  w i th  a r e a  and s p a c in g  o f  towns h i g h l i g h t s  im p o r ta n t  
f a c t s  i e . ,  t h e  i n c r e a s e  i n  th e  d i s t a n c e  betw een th e  s t a t i o n s  r e s u l t s  
i n  few er  and fe w e r  t r i p s .  T h is  i s  be c au se  th e  i n c r e a s e  i n  d i s t a n c e  
a f f e c t s  th e  c o s t  o f  t r a n s p o r t a t i o n  w hich can  be a v o id e d  by m in im iz in g  
t r i p s .  I n  some c a s e s  i t  h a s  been o b s e rv e d  t h a t  t h e  r o u t e s  a re  s e rv e d  
by o n ly  one o r  two t r i p s  and g e n e r a l l y  th e  d a i l y  r e q u i r e m e n ts  o f  th e  
p e o p le  o f  t h o s e  a r e a s  a re  met th ro u g h  s h o r t  t r i p s .  A p a r t  from t h a t ,  
t r i p  g e n e r a t i o n  i s  f u r t h e r  c h a r a c t e r i s e d  by th e  so c io -e c o n o m ic  
c h a r a c t e r i s t i c s  o f  t h e  p e o p le  o f  th e  r e g i o n .  The d i s t r i c t s  w i th  h ig h  
u r b a n  and t o t a l  p o p u l a t i o n  d e n s i t i e s  have  a good f re q u e n c y  o f  bus 
s e r v i c e s ,  as  i s  e v id e n t  from  th e  d e g re e  o f  c o r r e l a t i o n  betw een t h e  
bus f lo w s  r a t i o s  and th e  v a r i a b l e s  o f  u rb a n  p o p u l a t i o n  d e n s i t i e s  
( s e e  T a b le  8 . 3 ) .  S i m i l a r l y ,  t h e  r e l a t i o n s h i p  o f  bus f lo w s  w i th  
d i s t r i b u t i o n  o f  i n d u s t r i e s  ( + .6 8 3 )  s u g g e s t s  t h a t  l a r g e  numbers o f  
w o rk e rs  i n  s e c o n d a ry  and t e r t i a r y  a c t i v i t i e s  d i r e c t l y  a f f e c t  t h e  
g e n e r a t i o n  o f  t r i p s  as th e y  i n c r e a s e  t h e  l e v e l  o f  movement. These 
a c t i v i t i e s  add income t o  t h e  i n d u s t r i a l  u rb a n  c e n t r e s  and t h e s e  towns 
e n c o u ra g e  f u r t h e r  g e n e r a t i o n  o f  t r i p s ,  which makes t h e  o v e r a l l  r a t i o  
o f  bus f lo w  i n  t h e  d i s t r i c t  h i g h .  A h ig h  c o r r e l a t i o n  betw een f lo w  
and d e n s i t i e s  o f  p o p u l a t i o n  i s  s im p le  t o  e x p la i n  as t h e  f lo w  i s  
a f f e c t e d  by l a n d  u se  i n t e n s i t y .  I t  d e s c r i b e s  t h e  f u n c t i o n a l  s i z e  o r  
im p o r ta n c e  o f  a t r a c t  and i n t e n s i t y  i s  m easured  i n  te rm s  o f  p e r  u n i t  
a r e a  w here g r e a t e r  d e n s i t i e s  a re  l i k e l y  t o  g e n e r a te  more t r i p s  th a n
t h e  low er  d e n s i t i e s .  So i t  i s  c o n c lu d e d  t h a t  th e  bus f lo w  r a t i o s  
f o l l o w  th e  p a t t e r n  o f  d e n s i t y  o f  p o p u l a t i o n .
As th e  movement o f  t r u c k s  i s  n o t  s c h e d u le d  and i s  c o n s id e r e d  as  
i n t r a  r e g i o n a l  r a t h e r  t h a n / r e g i o n a l  f lo w s ,  th e  s p a t i a l  p a t t e r n  o f
i/v-
t r u c k  f lo w  i n  t h e  d i s t r i c t s  i s  v e ry  d i f f e r e n t  from t h a t  o f  b u s e s .
I t s  c o m p a r a t iv e ly  low c o r r e l a t i o n  w i th  a l l  th e  v a r i a b l e s  can  be 
e x p la i n e d  by i t s  lo n g  d i s t a n c e  and in d e p e n d e n t  movement, p a r t i c u l a r l y  
be tw een  th e  P a n ja b  and S in d  ( K a r a c h i ) ,  as  i s  e v i d e n t  from  t h e  h ig h  
r a n k  o f  t h e  s o u th e rn m o s t  d i s t r i c t  (Rahim Yar Khan) o f  t h e  P a n ja b  which 
i s  c r o s s e d  by a l l  t h e  t r u c k s  moving betw een  th e  P a n ja b  and S in d ,
S i m i l a r l y  i n  t h i s  r e s p e c t ,  i t  i s  c l e a r  t h a t  th e  d i s t r i c t s  th ro u g h  
w hich  th e  s e a p o r t  o f  K a ra c h i  i s  c o n n e c te d  by d i s t r i c t  r o u t e s  w hich 
have  h ig h  e t a  in d e x  s c o r e s  f o r  t r u c k  f lo w s .  M ultan  and Jh an g  a re  th e  
b e s t  exam ples  o f  t h i s  ty p e  o f  f lo w .  The i n t e r n a l  f lo w  o f  t h e  r e g i o n  
i s  dom ina ted  by t h e  i n d u s t r i a l  b e l t  i n c l u d in g  L a h o re ,  G u jran w a la  and 
S h e ik h u p u ra .  Jhe lum  and R a w alp ind i  p l a y  an im p o r ta n t  r o l e  i n  p a s s in g  
th e  f lo w  ( th r o u g h  t h e i r  n e tw o rk s )  be tw een  th e  N orth  West F r o n t i e r  
P ro v in c e  and th e  P a n jab  and t h e n  on t o  S in d  P r o v in c e .  The p o s i t i o n  o f  
G u j r a t  d i s t r i c t  re m a in s  lo w er  as  m ost o f  th e  f lo w  coming from  th e  
n o r t h  and th e  N orth  West F r o n t i e r  P ro v in c e  i s  d i s t r i b u t e d  i n  Jhe lum  
d i s t r i c t .
F i n a l l y  i t  i s  c o n c lu d e d  t h a t  d e s p i t e  th e  s l i g h t  i n s t a b i l i t y  o f  some 
o f  t h e  modes, w hich  th e  above d i s c u s s i o n  s u g g e s t s ,  t h e  g e n e r a l  p a t t e r n  
o f  t r a f f i c  f lo w  i s  c l e a r .  The d i s t r i c t s  can be r a n k e d  and g rouped  
a c c o r d in g  t o  t h e  c a r  u n i t s  ( s e e  F ig u re  8 . 3 ) .  The o v e r a l l  r e s u l t i n g  
p a t t e r n  shows t h a t  t h e  n e tw o rk s  w i th  th e  h i g h e s t  t r a f f i c  f lo w s ,  a r e  
t h o s e  l o c a t e d  on th e  m ajo r  highway betw een  Lahore and R aw alp ind i  
( e x c e p t  G u j r a t )  and th e n  L ahore  t o  L y a l lp u r  a l l  o f  w hich  have c o n s i d e r ­
a b le  i n d u s t r i a l  and economic a c t i v i t y .  On th e  o t h e r  hand  th e  d i s t r i c t s  
w i th  th e  lo w e s t  s c o r e s  a r e  M ianw ali ,  Bahawal N agar and Dera Ghazi Khan 
and t h e s e  a l s o  have  low s c o r e s  on economic a c t i v i t i e s .  These f i n a l  
s c o r e s  o f  th e  t r a f f i c  f lo w  h i g h l i g h t  t h e  p a t t e r n  o f  i n t e r n a l  a c c e s s ­
i b i l i t y  i n  te rm s  o f  t r a n s p o r t  e f f i c i e n c y .
The e x a m in a t io n  o f  t h e  g e n e r a l  p a t t e r n  o f  d i s t r i c t  l e v e l  a c c e s s i b i l i t y  
o b t a in e d  th ro u g h  t o p o l o g i c a l  and m e t r i c a t e d  i n d i c e s ,  s u g g e s t s  t h a t  
t h e r e  a re  r e g i o n a l  c o n t r a s t s  i n  t h e  o v e r a l l  p a t t e r n .  I t  i s  beyond th e
scope o f  t h i s  c h a p te r  t o  lo o k  a t  t h e  r e g i o n s  f o r  t h i s  i n  d e t a i l .  
However, some o f  th e  more im p o r ta n t  r e a s o n s  s h o u ld  be o u t l i n e d  as 
th e y  a r e  p e r t i n e n t  t o  t h e  s u b s e q u e n t  d i s c u s s i o n .  But b e f o r e  t h a t  
t h e r e  a r e  some more common f a c t o r s  w hich p l a y  an  im p o r ta n t  and 
i n t e r m e d i a t e  r o l e  be tw een  t h e  r e l a t i o n s h i p  o f  c o n n e c t i v i t y  and 
u rb a n  g ro w th .  I t  w i l l  be u s e f u l  t o  lo o k  a t  t h e  d i s t r i c t s  from 
as many a n g le s  as  p o s s i b l e ,  t h u s  some more i n d i c e s  o f  s h a p e ,  
e f f i c i e n c y  and c i r c u i t y  have  been  in c l u d e d .
8 .6  Shape
A b ig  v a r i a t i o n  i n  t h e  c o n n e c t i v i t y  can  a l s o  be e x p e c te d  due t o
th e  v a r i a t i o n  i n  th e  shape  o f  t h e  d i s t r i c t s ,  t h e r e f o r e  i t  i s  u s e f u l
t o  keep  i n  mind th e  shape  o f  t h e s e  d i s t r i c t s  w h i l e  com paring  i n
*
te rm s  o f  c o n n e c t i v i t y .  The shape  in d e x  i s  a l s o  im p o r t a n t  as  i t  can  
a f f e c t  c e r t a i n  g raph  t h e o r e t i c  m easu res  (Kansky 1 9 6 3 ) .  The in d e x  i s  
o b t a i n e d  a s  p e r  H a g g e t t ' s  (1965) fo rm u la  f o r  t h e  d i s t r i c t s .
The shape  o f  th e  d i s t r i c t s  can  be i d e n t i f i e d  a c c o r d in g  t o  th e  t h r e e  
t h e o r e t i c a l  l a t t i c e s  b a se d  on a t r i a n g l e  ( 0 . 4 2 ) ,  s q u a re  ( 0 ,6 4 )  and 
h e x a g o n a l  ( 0 , 8 3 ) .  I t  i s  e v id e n t  from  t h e  t a b l e  8 .1  t h a t  a l l  t h e s e  
d i s t r i c t s  have  v a l u e s  low er  th a n  th e  s q u a re  and h e x a g o n a l  s h a p e s .
Among t h e s e ,  t h e  d i s t r i c t s  o f  Rahim Yar Khan, G u jra n w a la ,  S a rg o d h a ,  
Jh e lu m , R aw a lp in d i  and S i a l k o t  have  h i g h e r  ( t h a n  a t r i a n g l e )  v a l u e s ,  
w h i le  on th e  l o w e s t  s c a l e  t h e r e  a r e  J h a n g ,  M u z a f fa rg a rh  and Dera Ghazi 
Khan.
8 .7  E f f i c i e n c y  I n d e x
E a r l i e r  d i s c u s s i o n  r e v e a l s  t h a t  a l a r g e  c e n t r a l  p l a c e  sh o u ld  have  
b e t t e r  c o n n e c t i v i t y  w i t h i n  th e  r e g i o n .  S i m i l a r l y  i n  a  r e g i o n  l i k e  th e
The shape  in d e x  f o r  i n d i v i d u a l  d i s t r i c t s  h a s  been  a d o p te d  where t h e  
in d e x  f o r  a d i s t r i c t  (A) may be e x p re s s e d  as t h e  r a t i o  o f  t h e  a r e a  o f  
t h a t  d i s t r i c t  (A) t o  th e  a r e a  o f  t h e  c i r c l e  w i th  t h e  l o n g e s t  a x i s ,
'L '  as  a p e r i m e t e r ,  R^ so t h a t  ' S '  = A/R2 o r  1 .2 7  A/L^. Here c o n s t a n t  
v a lu e  1 .2 7  i s  so a d j u s t e d  t h a t  t h e  c i r c l e  c o u ld  have  an in d e x  o f  1 .0 0  
w i th  r a n g i n g  v a lu e  down tow ards  0 ,0 0  showing c i r c u l a r  and e lo n g a te d  
sh a p es  r e s p e c t i v e l y .
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P a n ja b ,  w here d i s t r i c t  h e a d q u a r t e r s  h o ld  a c e n t r a l  p o s i t i o n  (among
i t s  tow ns)  i n  a d m i n i s t r a t i o n  and exchange o f  so c io -e c o n o m ic  a c t i v i t i e s ,
i t  i s  t o  be e x p e c te d  t h a t  t h e s e  s h o u ld  have  a h i g h e r  e f f i c i e n c y
w i t h i n  t h e i r  r e s p e c t i v e  d i s t r i c t  th a n  any o t h e r  tow n, Smeed (1968)
m easured  t h e  a v e ra g e  l e n g t h  o f  j o u rn e y  from  th e  s u b u rb s  t o  th e  C .B.D,
f o r  d i f f e r e n t  t y p e s  o f  s t r e e t  p l a n  i n  towns w i th  t h e  same a r e a  and
found  t h a t  t h e  v a l u e s  ra n g e d  as f o l l o w s !
0 .7 0  A %
0 ,8 7  A %
1 .7 0  A %
i n d i c a t i n g  e f f i c i e n t ,  i n e f f i c i e n t  and h i g h l y  i n e f f i c i e n t  r o a d  p l a n s .
The mean v a lu e  f o r  r e a l i s t i c  c a se  s t u d i e s  was d- = 0 ,8 7  A%.
T h is  shows th e  e f f i c i e n c y  o f  t h e  ro a d  ne tw ork  by th e  a v e ra g e  d i s t a n c e  
( d )  t r a v e l l e d  on some im a g in a ry  and r e a l  r o a d  n e tw o rk s  i n  te rm s  o f  
t h e  a r e a  w i t h i n  a boundary  (A ),  I t s  v a lu e s  r a n g e  a c c o r d in g  t o  th e  
l o c a t i o n  and d i s t r i b u t i o n  o f  t h e  p o i n t s .  The same m ethod h a s  been 
u s e d  t o  m easu re  th e  e f f i c i e n c y  o f  th e  r o u t e s !
i  f rom  towns i n t o  th e  d i s t r i c t  h e a d q u a r t e r s  o f  t h e  r e s p e c t i v e  
d i s t r i c t ,
i i  r e l a t i v e  e f f i c i e n c y  f o r  th e  i n d i v i d u a l  h e a d q u a r t e r s  ( n i n e t e e n )  
w i t h i n  th e  r e g i o n a l  r o a d  n e tw o rk .
Among t h e  d i s t r i c t  l e v e l  n e tw o rk s  th e  r o a d  p l a n  e f f i c i e n c y  r a n g e s  
from  0 .3 1 8  (B ahaw alpu r)  t o  0 .976  ( J h a n g ) ,  r e f l e c t i n g  t h e  s i z e ,  l o c a t i o n  
o f  t h e  h e a d q u a r t e r s  i n  t h e  d i s t r i c t ,  d i s t r i b u t i o n  o f  t h e  tow ns, and 
deg ree  o f  th e  n e tw o rk  c o n n e c t i v i t y .  A ccord ing  t o  th e  s c a l e  th e  f o u r  
d i s t r i c t s  o f  Jh e lum , J h a n g ,  L ahore  and Dera Ghazi Khan a re  c l a s s i f i e d  
as  i n e f f i c i e n t  r o a d  p l a n s  ( s e e  F ig u re  8 , 1 ) .  E x c e p t  f o r  Dera Ghazi 
Khan w hich h a s  towns l o c a t e d  f a r  a p a r t ,  t h e  t h r e e  d i s t r i c t s  have low 
s c o r e s  due t o  t h e  l o c a t i o n  o f  t h e  r e s p e c t i v e  D.H.Q. w i t h i n  th e  
d i s t r i c t  and th e  i r r e g u l a r  shape  o f  th e  whole d i s t r i c t  ( Jh a n g  p a r t i c u ­
l a r l y ) .  T h e i r  p o s i t i o n s  i n  th e  whole  ne tw ork  show" t h a t  a l l  o f  th e s e  
a re  m ost e f f i c i e n t  among th e  D.H.Qs on a P a n ja b  l e v e l .  The h i g h e s t  
v a lu e s  f o r  Bahawalpur w i t h i n  th e  d i s t r i c t  a r e  m is l e a d i n g  becau se  t h e  
ne tw o rk  i s  s p re a d  o v e r  th e  whole d i s t r i c t  ( w h i le  much o f  i t  i s  d e s e r t )  
and th e  towns a r e  i n  a l i n e a r  p o s i t i o n  a lo n g  th e  b o r d e r .  T h e re fo re  
i t s  v a lu e s  s h o u ld  be a round  i t s  n e ig h b o u r in g  d i s t r i c t s  o f  Bahawal
/jT <>«.-*•
Nagar and Rahim Yar Khan fV c o n s i d e r  a s m a l l e r  p o r t i o n  o f  i t s  a r e a  
a round  t h e  n e tw o rk .  T h is  c o n s i d e r a t i o n  can  i n c r e a s e  t h e  i n e f f i c i e n c y
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o f  Dear Ghazi Khan w hich  a l s o  h a s  a s u f f i c i e n t  a r e a  away from  th e  
n e tw o rk .  I t  s u g g e s t s  t h a t  i n  th e  r e g i o n  th e  a d m i n i s t r a t i v e  f u n c t i o n  
i s  dom inan t and m ost o f  th e  D.H.Qs have h i g h l y  e f f i c i e n t  r o a d  p l a n s .  
Looking a t  t h e  l a r g e r  s c a l e ,  t h e r e  a re  o n ly  s i x  p e r i p h e r a l  D.H.Qs: 
R a w a lp in d i ,  Cam pbelpur, Dera Ghazi Khan, B ahaw alpur, Bahawal N agar 
and Rahim Y ar Khan, w hich  can  be c l a s s i f i e d  as i n e f f i c i e n t .
*
8 .#  C i r c u i t y  In d ex
T h is  m easu res  t h e  r e l a t i v e  l o c a t i o n  o f  a  n e tw o r k 's  i n d i v i d u a l  
e le m e n ts  and i s  a  m easure  o f  a n e tw o r k 's  o v e r a l l  c h a r a c t e r .  I t
a s s e s s e s  t h e  d i f f e r e n c e  betw een  th e  e x i s t i n g  t r a n s p o r t  sy s te m  and an 
im a g in a ry  t r a n s p o r t  sy s tem  w hich  c o n ta i n s  r o u t e s  c o n n e c t in g  a l l  
v e r t i c e s  by th e  s h o r t e s t  p o s s i b l e  p a th s  (Kansky 1 9 6 3 ) .  The a p p l i c a t i o n  
o f  t h i s  in d e x  i s  u s e f u l  f o r  t h e  d i s t r i c t s  o f  t h e  P a n jab  b e c au se  o f  t h e i r  
c o n t r a s t s  i n  te rm s  o f  p h y s io g ra p h y  and o b s t a c l e s  l i k e  r i v e r s  e t c . ,  
w hich l e a d  t o  z ig  zag r o u t e s  and c r e a t e  ' d e t o u r s '  i n  t h e  n e tw o rk .  The 
in d e x  shows h ig h  s c o r e s  ( low  v a l u e s )  i n  th e  n e tw o rk s  w i th  f l a t  p l a i n  
a r e a s  and no o b s t a c l e s ,  w h i le  i t  i s  low i n  t h e  n e tw o rk s  w i th  w ind ing  
o r  i n d i r e c t  r o a d s  be tw een  th e  c e n t r e s  ( s e e  F ig u re  8 . 2 ) .  I t  w i l l  be 
v e ry  u s e f u l  t o  i d e n t i f y  such f a c t o r s  which a r e  r e s p o n s i b l e  f o r  d e to u r s  
and d e c r e a s e s  i n  t h e  o v e r a l l  c o n n e c t i v i t y  o f  t h e  n e tw o rk .  A com parison  
betw een  c i r c u i t y  in d e x  and e f f i c i e n c y  in d e x  w i l l  be i n t e r e s t i n g  to  
a s s e s s  t h e  e f f i c i e n c y  o f  t h e  w hole ne tw ork  w i th  r e f e r e n c e  t o  i t s  
d i s t r i c t  h e a d q u a r t e r s ,  as  t h e s e  two i n d i c e s  a re  t h e  r e f l e c t i o n  o f  r o u t e  
l e n g t h  and a r e a  r e s p e c t i v e l y .
The s c o r e s  f o r  t h e  in d e x  r a n g e  from  11 .26  ( M u z a f fa rg a rh )  to  
597 .89  (M ia n w a l i)  r e f l e c t i n g  a c o n s id e r a b l e  c o n t r a s t  be tw een  th e  
d e to u r s  o f  th e  d i s t r i c t s .  The d i s t r i c t s  w i th  p l a i n  a r e a s  have h ig h  
s c o r e s  on t h i s ' 1 in d e x ,  t h e s e  i n c l u d e  Rahim Yar Khan, G u jran w a la ,
L y a l lp u r  and G u j r a t  ( s e e  F ig u re  8 . 2 ) .  On th e  lo w er  end o f  th e  s c a l e  
a re  th e  d i s t r i c t s  e i t h e r  w i th  m ounta inous  r e g i o n s  ( l i k e  R a w a lp in d i ,
ii
I t  i s  e x p r e s s e d  by th e  fo rm u la :
C . I .  = 1=1 (E D)
E = e x i s t i n g  r o u t e  l e n g t h ;
D = d e s i r e  l i n e  l e n g t h ;  v = v e r t i c e s
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Jh e lu m , C a m p b e lp u r) , o r  t h e  d i s t r i c t s  d iv id e d  by r i v e r s  w i th  a 
s h o r t a g e  o f  b r id g e s  o v e r  them (S a rg o d h a  and M ia n w a l i ) .  One most 
i n t e r e s t i n g  c o n t r a s t  i n  th e  s c o r e s  o f  M u z a f fa rg a rh  and M ianw ali 
( w i th  t h e  h i g h e s t  and lo w e s t  r e s p e c t i v e l y )  i s  due t o  th e  v a r y in g  
d i s t r i b u t i o n  p a t t e r n  and r o l e  o f  th e  R iv e r  I n d u s ,  w hich  c u t s  M ianw ali 
d i s t r i c t  and d i v i d e s  i t s  towns on b o th  s i d e s  w i t h  o n ly  one c o n n e c t io n  
th ro u g h  a b r id g e  i n  th e  ex trem e  n o r t h  r e s u l t i n g  i n  a  maximum d e t o u r ,  
w h i le  M u z a f fa rg a rh  h a s  a  s t r a i g h t  l i n e  p a t t e r n  w i th  a  minimum 
d i f f e r e n c e  from  th e  d e s i r e  l i n e ,
A c o m p ar iso n  be tw een  th e  e f f i c i e n c y  in d e x  and th e  c i r c u i t y  in d e x  
f o r  M ianw ali  d i s t r i c t  ( i t  r a n k s  t h i r d  and n i n e t e e n t h  r e s p e c t i v e l y )  
d i s t i n g u i s h e s  be tw een  th e  i n d i c e s  and s u g g e s t s  t h a t  th e  d i s t r i c t  h a s  
an o v e r a l l  h ig h  d e to u r  fc '<J6 j7Lz~
t h e  c e n t r a l  l o c a t i o n  o f  M ianw ali town (D .H .Q .)  n e a r  t h e  b r id g e  f a v o u r s  
i t s  e f f i c i e n t  r o a d  p l a n ,  a s  i t  p r o v id e s  e q u a l  e f f i c i e n c y  f o r  a l l  th e  
towns t o  t h e  D.H.Q. A s i m i l a r  c o n t r a s t  i s  e v id e n t  i n  S arg o d h a  which 
i s  d i v id e d  by th e  R iv e r  Jhe lum  w i th  o n ly  one b r id g e  n e a r  Khushab. I t  
h a s  a  c o m p a r a t iv e ly  h i g h e r  e f f i c i e n c y  ( r a n k s  f i f t h )  b e c au se  a m ajo r  
p o r t i o n  o f  i t s  towns a re  a round  th e  D.H.Q, th a n  c i r c u i t y  ( r a n k s  
e i g h t e e n t h )  b e c a u s e  o f  a  c o m p a r a t iv e ly  h ig h  r a t i o  be tw een  a c t u a l  and 
d e s i r e  l i n e  d i s t a n c e s  due t o  th e  r i v e r .  Campbelpur i s  a l s o  a h i l l y  
d i s t r i c t ,  b u t  w i th  towns c e n t r a l l y  l o c a t e d  i t  shows a s i m i l a r  c o n t r a s t  
be tw een  e f f i c i e n c y  and c i r c u i t y  i n d i c e s  where i t  r a n k s  s i x t h  and 
f o u r t e e n t h  r e s p e c t i v e l y .  On th e  o t h e r  han d , t h e  d i s t r i c t s  o f  L y a l l p u r ,  
Jhang  and M u z a f fa rg a rh  have  o p p o s i t e  h i e r a r c h i c a l  o r d e r s  as  t h e s e  a re  
l o c a t e d  i n  th e  p l a i n  a r e a s  and h ig h  s c o r e s  on c i r c u i t y  can  be e x p e c te d .  
A l l  t h e s e  d i s t r i c t s  have  h ig h  s c o r e s  on c i r c u i t y  in d e x  b u t  due to  
t h e i r  D.H.Qs b e in g  i n  c e n t r a l  l o c a t i o n s  (w hich  makes i t  d i f f i c u l t  t o  
r e a c h  them from  a l l  towns o f  t h e  d i s t r i c t  w i th  e q u a l  e f f i c i e n c y )  i t  h a s  
low s c o r e s  on e f f i c i e n c y  in d e x .
8 .9  Com parison
T hroughou t  t h e  s tu d y  i t  i s  im p o r ta n t  to  n o t i c e  t h e  g r e a t  d i s p a r i t y  
among th e  d i s t r i c t s  i n  r e s p e c t  o f  t h e i r  s i z e s .  The s m a l l e s t  i s
The d i s t r i c t  l e v e l  s o c io -e c o n o m ic  i n d i c e s  a r e  g iv e n  i n  Appendix ’K ' ,
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R a w alp ind i  (2,,022 s q u a re  m i l e s )  w h i l e  th e  l a r g e s t  i s  B ahaw alpur 
(9 ,5 8 7  s q u a re  m i l e s ) ,  a lm o s t  f i v e  t im e s  th e  s i z e  o f  th e  fo rm e r .  I n  a 
r e g i o n  l i k e  th e  P a n ja b  where th e  d i s p a r i t y  i s  p ro m in e n t  i n  r e s p e c t  o f  
r e l i e f ,  c l i m a t e ,  s o i l ,  v e g e t a t i o n ,  a g r i c u l t u r e  and m in e r a l  r e s o u r c e s ,  
i t  h a s  been  f e l t  t h a t  i n  many c a s e s  th e  d i s t r i c t  b o u n d a r ie s  a re  no 
l o n g e r  s u i t e d  n o r  do t h e y  c o in c i d e  w i th  t h e  r e g i o n a l  u n i t s .  A pa r t  
from  t h e s e  th e  o t h e r  f a c t o r s  l i k e  i r r i g a t i o n ,  i n d u s t r i a l  developm ent 
and means o f  com m unica tion  a l s o  v a r y  from  one d i s t r i c t  t o  a n o th e r .
As o u r  m a jo r  c o n c e rn  i n  t h i s  s e c t i o n  i s  t o  d i s t i n g u i s h  among t h e s e  
f a c t o r s  , t h o s e  w hich  a r e  more c l o s e l y  a s s o c i a t e d  w i th  th e  d i s t r i c t  
c o n n e c t i v i t y  and a c c e s s i b i l i t y  (m easured  on b o th  t o p o l o g i c a l  and 
m e t r i c a t e d  s c a l e s ) ,  an a t t e m p t  h a s  been  made t o  compare and comment on 
th e  d i s t r i c t s  a c c o r d in g  t o  t h e i r  r e l a t i v e  p o s i t i o n s  w i t h  r e s p e c t  t o  
v a r y in g  c h a r a c t e r i s t i c s .
R e f e r r i n g  back t o  t h e  c o m p o s i te  c o n n e c t i v i t y  s c o r e s  o f  t h e  d i s t r i c t s ,  
we f i n d  t h a t  th e  g ro u p  o f  d i s t r i c t s  on th e  lo w e s t  s c a l e  w hich a re  l e a s t  
w e l l  s e r v e d  by t h e i r  l o c a l  t r a n s p o r t  n e tw o rk s  i n c l u d e  D era  Ghazi Khan, 
B ahaw alpur,  Jhang  and R a w a lp in d i .  The c o n t r a s t s  i n  t h e s e  d i s t r i c t s  a r e  
due t o  v a r i o u s  r e a s o n s .  The huge d i s t r i c t s  o f  Bahaw alpur and Dera 
Ghazi Khan r a n k  f i r s t  and second  i n  s i z e  and a r e  s p a r s e l y  p o p u la te d  
( w i th  112 and 122 p e r s o n s  p e r  s q u a re  m ile  r e s p e c t i v e l y ) .  Bahawalpur 
i s  a p a r t  o f  t h e  v a s t  In d u s  p l a i n  w i th o u t  h i l l s  and m o u n ta in s .  On th e  
b a s i s  o f  s e t t l e m e n t  p a t t e r n s  t h e  d i s t r i c t  can  be d i v i d e d ' i n t o  t h r e e  
zones o f  R i v e r a i n ,  Colony and C h o l i s t a n ,  w hich a r e  i n h a b i t e d  by o ld  
s e t t l e r s ,  new s e t t l e r s  (A b a d k a rs ) ,  and nomads r e s p e c t i v e l y .  The 
R i v e r a i n  zone i s  a lo n g  th e  R iv e r  S u t l e j  w i th  some u r b a n  c e n t r e s ,  
Bahawalpur b e in g  th e  l a r g e s t ,  fo l lo w e d  by Ahmad P u r  E a s t  and H a s i l p u r .  
With t h e  im m ig ra t io n  o f  new s e t t l e r s  t h e r e  o c c u r r e d  an a g r i c u l t u r a l  
r e v o l u t i o n  w i th  c a n a l  i r r i g a t i o n  and th e  s p r e a d  o f  agri-^_
c u l t u r e whi c h  i n  t u r n  l e d  t o  t h e  growth o f  a l r e a d y  e x i s t i n g  towns o f
V ~  '—
Bahaw alpur and H a s i l p u r  (more th a n  100 p e r  c e n t  change d u r in g  1961- 
1 9 7 1 ) .  As m ost o f  t h e  d i s t r i c t  i s  s t i l l  d e s e r t  and as  a l l  t h e  u rb a n  
c e n t r e s  a r e  i n  a  s t r a i g h t  l i n e  a lo n g  th e  r i v e r ,  t h e  d i f f i c u l t y  o f  t h e  
d e s e r t  i s  among t h e  f a c t o r s  e n s u r i n g  t h a t  o n ly  th e  minimum number o f  
r o u t e s  n e c e s s a r y  t o  l i n k  t h e s e  c e n t r e s  would be c o n s t r u c t e d ,  and t h i s  
h a s  c o n t r i b u t e d  to  th e  d i s t r i c t s  low s c o r e s  on a l l  t h e  c o n n e c t i v i t y  
i n d i c e s .  A p a r t  from  t h a t  t h e  s i z e  o f  t h i s  d i s t r i c t  i s  t h e  main f a c t o r  
c o n t r i b u t i n g  t o  i t s  low er  s c o r e s  on th e  m e t r i c a t e d  i n d i c e s  m easured
by u n i t  a r e a .  The c h a r a c t e r i s t i c s  o f  Dera Ghazi Khan d i s t r i c t  a r e  
s i m i l a r  i n  te rm s  o f  s i z e  and d i s t r i b u t i o n  o f  o ld  s e t t l e m e n t s ,  as  w e l l  
as t r a f f i c  f lo w  b u t  a r e  d i f f e r e n t  i n  te rm s  o f  p e r i o d  o f  r a i l  d e v e lo p ­
m en t, w id th  o f  r o a d s ,  u r b a n  p o p u l a t i o n  grow th and r a t i o ,  e f f i c i e n c y  
o f  r o a d  ne tw ork  be tw een  th e  tow ns , d e g re e  o f  c i r c u i t y  and a c c e s s i b i l i t y  
e t c . ,  w hich  B a h a w a lp u r /c o m p a ra t iv e ly  h i g h e r  t h a n  Dera Ghazi Khan,
For b o th  o f  t h e s e  d i s t r i c t s  t h e  o v e r a l l  r e a s o n  f o r  low s c o r e s  on a l l  
t h e  i n d i c e s  i s  s i z e ,  p e r i p h e r a l  l o c a t i o n ,  low d e g re e  o f  u rb a n  and 
i n d u s t r i a l  d e v e lo p m en t .  I n  a d d i t i o n  to  t h a t  t h e  v e r t i c e s  a r e  s p re a d  
a lm o s t  i n  a l i n e  th ro u g h  b o th  d i s t r i c t s  and m in im al n e tw o rk  i s  a d e q u a te
Among th e  o t h e r  d i s t r i c t s  w i th  low c o n n e c t i v i t y  s c o r e s  a re  th e  
n o r t h e r n  d i s t r i c t s  o f  Jhelum  and R aw alp ind i  w i th  v a r y i n g  c h a r a c t e r i s t i c s  
R a w a lp in d i ,  t h e  s m a l l e s t  d i s t r i c t  i n  s i z e ,  i s  a  m o u n ta inous  t r a c t  w i th  
p o o r  a g r i c u l t u r e .  U n t i l  t h e  i n t r o d u c t i o n  o f  B r i t i s h  r u l e ,  i t  was 
s p a r s e l y  p o p u la t e d  w i th  a b o u t  f i v e  p e r  c e n t  u rb an  p o p u l a t i o n  a c c o r d in g  
t o  t h e  f i r s t  e s t i m a t e s  o f  1871 , R aw alp ind i  became a can tonm en t o f  
c o n s i d e r a b l e  s i z e  ( f i r s t  o c c u p ie d  i n  1849) and s h o r t l y  a f t e r w a r d s  t h e  
h e a d q u a r t e r s  o f  t h e  d i v i s i o n .  Meanwhile a s  soon a s  t h e  c i t y  was 
c o n n e c te d  w i th  t h e  r a i l w a y  i t  s p ra n g  i n t o  im p o r ta n c e  and grew l i k e  a 
mushroom. The s u b s e q u e n t  deve lopm ent o f  th e  d i s t r i c t  a s  a h i l l  r e s o r t  
f o r  e u ro p e a n s  s e e k in g  t o  a v o id  t h e  h o t  w e a th e r ,  saw t h e  deve lopm ent o f  
towns l i k e  M u rree .  Due t o  t h e  d i f f i c u l t  t e r r a i n  t h e  d i s t r i c t  d id  n o t  
show any change i n  th e  number o f  u rb a n  c e n t r e s  u n t i l  1952, when K ahuta  
and Wah Cantonm ent grew up w i th  p o p u l a t i o n s  o f  more t h a n  5 ,000  p e o p le .  
Accompanying t h e s e  changes  i n  u r b a n  g ro w th ,  th e  s h i f t  o f  th e  F e d e r a l  
C a p i t a l  made i t  t h e  second  l a r g e s t  u r b a n iz e d  d i s t r i c t  i n  th e  P a n ja b  and 
i n  1971 a lm o s t  44 p e r  c e n t  o f  i t s  p o p u l a t i o n  w a s ’c l a s s i f i e d  as  u rb a n  
o u t  o f  which 80 p e r  c e n t  i s  i n  t h e  c i t y  o f  R a w a lp in d i / I s l a m a b a d ,  14 p e r  
c e n t  i n  Wah Cantonm ent and o n ly  s i x  p e r  c e n t  i n  t h e  r e s t  o f  t h r e e  
to w n s .  I t  shows a b ig  c o n c e n t r a t i o n  i n  t h e  d i s t r i c t  and p a r t i c u l a r l y  
i n  th e  tw in  c i t i e s  o f  R aw alp in d i  and I s la m a b a d ,w h ic h  a lo n g  w i th  th e  
d i f f i c u l t y  o f  t e r r a i n  a r e  im p o r ta n t  f a c t o r s  e n s u r i n g  t h a t  o n ly  th e  
minimum number o f  r o u t e s  n e c e s s a r y  t o  l i n k  th e  u r b a n  c e n t r e s  (w i th  
d i s t r i c t  h e a d q u a r t e r s ) ,  would  be c o n s t r u c t e d .  T h is  p l a y s  an im p o r ta n t  
r o l e  i n  lo w e r in g  i t s  s c o r e s  on a l l  t h e  t o p o l o g i c a l  c o n n e c t i v i t y  i n d i c e s  
(w hich  a r e  m a in ly  c o n c e rn e d  w i th  number o f  v e r t i c e s ) .  On th e  o t h e r  
h a n d ,  th e  d i s t r i c t  r a n k s  h ig h  on s im p le  m e t r i c a t e d  i n d i c e s  r e l a t e d  to  
t h e  a r e a ; p e r  m i le  o f  r o u t e ,  w id th  o f  r o a d s ,  t r a f f i c  f lo w  ( e t a  in d e x )
and p e r  s q u a re  m ile  f r e i g h t  c a r r i e d .  Having a sm a l l  number o f  v e r t i c e s  
and an e f f i c i e n t  t r a n s p o r t  sy s tem  i t  r a n k s  h ig h  on n o d a l  a c c e s s i b i l i t y  
s c o r e s ,  p a r t i c u l a r l y  m easured  on s h o r t e s t  p a th  and t im e  s c a l e ,  w h i le  
on th e  o t h e r  h a n d ,  i t s  c o m p a r a t iv e ly  low er  s c o r e s  on d i s t a n c e  
a c c e s s i b i l i t y  s c a l e  a re  due t o  i t s  rough  t e r r a i n  w here  t h e  o b s t a c l e s  
i n c r e a s e  t h e  r a t i o  o f  a c t u a l  d i s t a n c e  a lo n g  th e  s h o r t e s t  p a th  
p a r t i c u l a r l y  be tw een  R a w alp ind i  and M urree .
Jhe lum  d i s t r i c t  i s  s l i g h t l y  b i g g e r  t h a n  R aw alp in d i  i n  s i z e  (2 ,7 7 2  
s q u a re  m i l e s )  i s  s p a r s e l y  p o p u la t e d  w i th  a v e r y  low p e r c e n ta g e  (16 p e r  
c e n t )  o f  p o p u l a t i o n  l i v i n g  i n  n in e  tow ns . Out o f  t h e s e  f o u r  have  th e  
s t a t u s  o f  towns s i n c e  1881 and a c c o rd in g  t o  t h e  Census o f  1971, t h e s e  
f o u r  towns c o n t a i n  70 p e r  c e n t  o f  t h e  t o t a l  u rb a n  p o p u l a t i o n  o f  t h e  
d i s t r i c t .  T h is  i n d i c a t e s  a change i n  th e  number o f  u r b a n  c e n t r e s  
s in c e  1881 , I t  i s  due t o  a number o f  c h a r a c t e r i s t i c s  among w hich th e  
most im p o r t a n t  i s  p o o r  a g r i c u l t u r e  c a u se d  by low r a t i o  o f  c u l t i v a t e d  
a r e a .  A p a r t  from  t h a t  becau se  o f  low r a i n f a l l  t h e  d i s t r i c t  i s  
c h a r a c t e r i s e d  as s u b -m o u n ta in o u s ,  s a l i n i t y  s t r i c k e n  and h i g h l y  e ro d e d .  
T h is  i s  a l s o  an im p o r ta n t  f a c t o r  i n  p u s h in g  th e  p e o p le  t o  j o i n  th e  
armed f o r c e s  o r  s e t t l e  i n  o t h e r  m ain  c i t i e s  o f  th e  c o u n t r y .  I t s  low 
r a n k  ( 1 3 t h )  on s p a c in g  in d e x  s u g g e s t s  a  d i s p e r s e d  s e t t l e m e n t  p a t t e r n  
and t h e i r  l o c a t i o n  on th e  b o rd e r  o f  th e  d i s t r i c t  make t h e s e  s e t t l e m e n t s  
more a c c e s s i b l e  t o  t h e  towns o f  o t h e r  d i s t r i c t s  as  compared t o  t h e i r  
c o n n e c t i v i t y  w i t h i n  t h e  d i s t r i c t .  I t  i s  e x p e c te d  t h a t  t h e  p a t t e r n  o f  
c o n n e c t i v i t y  f o r  t h e s e  towns w i l l  be c l e a r e r  when th e  n o d a l  a c c e s s ­
i b i l i t y  on d i v i s i o n  and p r o v in c e  l e v e l  i s  exam ined . A p a r t  from t h a t  
t h e  low p e r c e n ta g e  o f  r a i l  and r o a d  l e n g th  ( 3 ,6  p e r  c e n t  and 4 ,0  p e r  
c e n t  r e s p e c t i v e l y )  shows t h a t  t h e  d i s t r i c t  h a s  v e ry  few r o u t e s .  I t  
i s  due t o  i t s  p h y s i c a l  c h a r a c t e r i s t i c s  as w e l l  a s  p o o r  economy and 
s p a r s e  s e t t l e m e n t  p a t t e r n  w hich make th e  c o n s t r u c t i o n  o f  r a i l  and r o a d  
r o u t e s  uneconom ic . I t  c o n c lu d e s  t h a t  a l l  t h e s e  f a c t o r s  a re  more o r  
l e s s  e q u a l l y  r e s p o n s i b l e  i n  r a n k in g  th e  d i s t r i c t  low on c o n n e c t i v i t y  
i n d i c e s .
The f o u r t h  d i s t r i c t  w i th  low c o n n e c t i v i t y  s c o r e s  i s  J h a n g ,  which i s  
by c o n t r a s t  a c e n t r a l  d i s t r i c t .  I t s  s c o r e s  r e s e m b le  th o s e  o f  Jhe lum  
i n  s i z e ,  d e n s i t y ,  a r e a ,  p e r  m i le  o f  r o u t e ,  p e r c e n ta g e  o f  r a i lw a y  
l e n g t h ,  d e g re e  o f  c i r c u i t y  b u t  d i f f e r  i n  te rm s  o f  s h a p e ,  and s p a c in g  
o f  t h e  s e t t l e m e n t s  w hich  s u g g e s t  some d i f f e r e n t  r e a s o n s  f o r  i t s  low er
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c o n n e c t i v i t y .  I t  i s  p a r t l y  as a r e s u l t  o f  th e  f a c t  t h a t  t h e  two r i v e r s  
Jhe lum  and Chenab p a s s  th ro u g h  th e  d i s t r i c t  by making a ?Y' shaped  
j u n c t i o n  i n  t h e  c e n t r e  and d i v id e  t h e  d i s t r i c t  i n t o  t h r e e  lo n g  p a r t s  
s t r e t c h i n g  from  n o r t h  t o  s o u th .  The l i m i t e d  number o f  b r i d g e s  p u t s  
a trem endous  s t r a i n  on r o a d  n e tw o rk  d e v e lo p m en t ,  t h e r e f o r e  t h e  r o a d s  
t e n d  t o  r u n  p a r a l l e l  t o  t h e  r i v e r s  and w a te r  c o u r s e s  r a t h e r  th a n  c u t  
a c r o s s  them . I n  v iew  o f  t h e  h ig h  c o s t  o f  c o n s t r u c t i n g  a b r i d g e ,  
p a r a l l e l  r o a d s  a r e  c h e a p e r  and e a s i e r  t o  m a i n t a i n .  I n  t h i s  way th e  
d i v i s i o n  o f  t h e  d i s t r i c t  by t h e  r i v e r s  n o t  o n ly  r e d u c e s  th e  d e g re e  o f  
c o n n e c t i v i t y  b u t  a l s o  r e s u l t s  i n  a h ig h  d e g re e  o f  d e t o u r s ,  which 
i n d i c a t e s  a low d e g re e  o f  e f f i c i e n c y  betw een towns o f  t h e  d i s t r i c t .
A l l  t h e s e  f a c t o r s  f a v o u r  low s c o r e s  f o r  th e  d i s t r i c t .  The l o c a t i o n  
o f  Jh a n g  c i t y  on t h e  w e s t  o f  t h e  r i v e r s  be tw een  two b r i d g e s  g iv e s  i t  
p r e d o m in a n t ly  c e n t r a l  l o c a t i o n ,  as i t  c o n n e c ts  a l l  t h e  e a s t e r n  towns 
to  th e  c e n t r a l  c a n a l  co lo n y  d i s t r i c t s  o f  t h e  r e g i o n .  T h is  c e n t r a l i t y  
en h an ces  t h a t  o f  t h e  c i t y  t o  t h e  w id e r  n e tw ork  o f  t h e  w hole  r e g i o n  o f  
th e  P a n ja b  and makes i t  a  n o d a l  p o i n t  on a d i v i s i o n a l ,  p r o v i n c i a l  as 
w e l l  as  n a t i o n a l  l e v e l .  Because o f  th e  i r r e g u l a r  shape  o f  th e  d i s t r i c t  
Jhang  c i t y  i s  b e t t e r  c o n n e c te d  t o  th e  towns o f  i t s  n e ig h b o u r in g  d i s t r i c t s  
( p a r t i c u l a r l y  L y a l l p u r )  as compared t o  i t s  own tow ns . I n  te rm s  o f  t h e  
t r a f f i c  movement o n ly  1 1 ,5  p e r  c e n t  o f  t r u c k  t r a f f i c  and 1 2 .7  p e r  c e n t  
o f  bus t r a f f i c  o p e r a t e s  w i t h i n  t h e  d i s t r i c t  w h i le  t h e  o p e r a t i o n  
p e r c e n ta g e  be tw een  Jh an g  and L y a l lp u r  i s  4 4 .4  and 3 2 .9  r e s p e c t i v e l y .
I n  t h i s  way t a k i n g  t h e  R iv e r  Chenab as a  b o u n d a ry ,  i t s  e a s t e r n  p a r t  i n  
Jhang  d i s t r i c t  r e s e m b le s  L y a l lp u r  d i s t r i c t ,  a h i g h l y  d e v e lo p e d  d i s t r i c t  
o f  t h e  r e g i o n .  I t  i s  t h e r e f o r e  a n t i c i p a t e d  t h a t  t h e  n o d a l  a c c e s s i b i l i t y  
o f  Jh an g  c i t y  w i l l  be c l e a r e r  and s i g n i f i c a n t  when m easu red  on th e  
l a r g e  in d ic e s  o f  a c c e s s i b i l i t y  on a h ig h  s c a l e .
Coming t o  t h e  h i g h e r  end o f  t h e  c o n n e c t i v i t y  s c a l e ,  th e  d i s t r i c t s  o f  
L y a l l p u r ,  S a h iw a l ,  S h e ik h u p u ra ,  M ianw ali and M u z a f fa rg a rh  a re  im p o r ta n t  
t o  d i s c u s s  i n  r e s p e c t  o f  t h e  c h a r a c t e r i s t i c s  w hich s e p a r a t e  them from  
th e  d i s t r i c t s  o f  low c o n n e c t i v i t y .  L y a l lp u r  bounded by th e  R iv e r  Ravi 
on t h e  e a s t  w i th  no o b s t a c l e  i n  th e  d i s t r i c t  i s  one o f  th e  d e ve loped  
d i s t r i c t s  and r e p r e s e n t s  a  h i g h l y  d ev e lo p ed  i r r i g a t i o n  sy s te m . I t s  
a g r i c u l t u r e  i s  m ost d e v e lo p e d  where t h e  a r e a  grew i n  im p o r ta n c e  as  a 
g r a i n  b e l t  i n  th e  P a n ja b  and th e  towns and v i l l a g e s  p r o s p e r e d  i n  t h e  
wake o f  a g r i c u l t u r a l  p r o s p e r i t y .  T h is  a g r i c u l t u r a l  p ro d u c ­
t i v i t y  l e d  to  t h e  i n d u s t r i a l  deve lopm ent ^  i n c r e a s e  from  11 (1947)
t o  411 u n i t s  (1971 )  c o v e r in g  a b o u t  15 p e r  c e n t  o f  t h e  t o t a l  P a n j a b ' s  
i n d u s t r i a l  u n i t s  m a in ly  o f  t e x t i l e ,  g r a i n ,  a g r i c u l t u r a l  equ ipm ent and 
f e r t i l i z e r .  I t  i s  one o f  t h e  m ost u r b a n iz e d  d i s t r i c t s  o f  th e  r e g i o n .  
A c c o rd in g  t o  t h e  Census o f  1971, 2 4 .81  p e r  c e n t  o f  t h e  p o p u l a t i o n  was 
c l a s s i f i e d  as  u r b a n ,  w hereas  t h e  c o r r e s p o n d in g  r a t i o  f o r  th e  P an jab  
as a w hole  was 2 4 .4 7  p e r  c e n t .  I t  s h a re s  a p r o p o r t i o n  o f  11 .46  p e r  
c e n t  t o  t h e  t o t a l  u r b a n  p o p u l a t i o n  o f  th e  P a n ja b  and r a n k s  second  i n  
t h i s  r e s p e c t .  I n  s p i t e  o f  t h i s  i t  i g  i n t e r e s t i n g  t o  n o t e  t h a t  th e  
d i s t r i c t  does  n o t  have  a lo n g  s t a n d i n g  u rb a n  h i s t o r y  as  i n  1881 t h e r e  
was o n ly  t h e  one u r b a n  c e n t r e  o f  Kam alia  w i th  a  p o p u l a t i o n  o f  7 ,5 9 4 .  
A l l  t h e  r e m a in in g  e i g h t  c e n t r e s  w hich a c te d  as n u c l e i  i n  th e  d e v e lo p ­
ment o f  t h e  t r a n s p o r t  sy s tem , w ere  sm a l l  v i l l a g e s  and became r a i l w a y  
s t a t i o n s  w i th  th e  i n t r o d u c t i o n  o f  r a i l w a y s  i n  t h e  r e g i o n  ( e x c e p t  f o r  
Sam undari w hich  i s  n o t  on th e  r a i l  n e tw o rk ) .  Both r a i l  and ro a d  
n e tw o rk s  p l a y  an e q u a l  r o l e  i n  th e  a c c e s s i b i l i t y  o f  t h e  d i s t r i c t .
With th e  e x c e p t io n  o f  Sam undari ,  a l l  t h e  c e n t r e s  a re  l o c a t e d  on th e  
p a r a l l e l  n o r t h - s o u t h  r u n n in g  'U ' shape r a i l w a y  l i n e s .  T h e i r  i n t e r n a l  
c o n n e c t io n s  th ro u g h  Sam undari (w hich  i s  l o c a t e d  i n  t h e  c e n t r e  o f  t h e  
two l i n e s )  by a mesh o f  r o a d s ,  make th e  o v e r a l l  d e g re e  o f  c o n n e c t i v i t y  
v e ry  h ig h  and t o p o l o g i c a l l y  c l a s s i f y  i t  as a ' d e l t a  c o n f i g u r a t i o n ' ,  
b e c au se  o f  t h e  h ig h  p r o p o r t i o n  o f  p o s s i b l e  r o u t e s  l i n k i n g  p l a c e s  
d i r e c t l y  and t h e  h ig h  p r o p o r t i o n  o f  p o s s i b l e  c o m p le te  c i r c u i t s .
As space  does n o t  p e rm i t  comment on th e  d i s t r i c t  i n  more d e t a i l ,  
a g e n e r a l  p i c t u r e  o f  th e  c h a r a c t e r i s t i c s  o f  th e  d i s t r i c t  can  be 
a s s e s s e d  by exam in ing  i t s  p o s i t i o n  on th e  i n d i c e s  o f  dem ograph ic ,  
econom ic , t r a n s p o r t a t i o n  and u r b a n  d e ve lopm en t,  i n  w hich  i t  s ta n d s  
among t h e  to p  t h r e e  r a n k s .  The i n d i c e s  i n c l u d e  t o t a l  p o p u l a t io n  
( 1 9 7 1 ) ,  g row th  r a t e  o f  u rb a n  p o p u l a t i o n  (1 9 3 1 -1 9 7 1 ) ,  i n c r e a s e  o f  t o t a l  
p o p u l a t i o n ,  d e n s i t y  o f  p o p u l a t i o n  (1 9 7 0 ) ,  a v e ra g e  p o p u l a t i o n  p e r  
u rb a n  c e n t r e ,  c o n n e c t i v i t y ,  n o d a l  a c c e s s i b i l i t y ,  p e r c e n ta g e  o f  
r a i l w a y  l e n g t h ,  w id th  o f  r o a d s  and e f f i c i e n c y  o f  n e tw o rk .
H ere  i t  i s  i n t e r e s t i n g  t o  compare t h e  o p p o s i t e  r o l e s  p la y e d  by 
r i v e r s  and r a i l w a y  ( i n  c h an g in g  c o n n e c t i v i t y  o f  th e  r e g i o n )  i n  th e  
two n e ig h b o u r in g  d i s t r i c t s  o f  Jhang  and L y a l l p u r .  Both o f  th e s e  have  
'Y* shaped  n e tw o rk s  o f  r i v e r s  and r a i l w a y s  r e s p e c t i v e l y .  The lo w e s t  
c o n n e c t i v i t y  s c o r e s  o f  Jhang  and h i g h e s t  i n  L y a l lp u r  s u g g e s t  t h a t  on 
one hand  r i v e r s  p l a y  an im p o r ta n t  r o l e  i n  r e d u c in g  t h e  c o n n e c t i v i t y
o f  Jhang  w h i le  on th e  o t h e r  hand  ( i n  th e  same e n v i ro n m e n ts )  th e  
r a i l w a y s  have  pushed  L y a l lp u r  d i s t r i c t  t o  t h e  h ig h  peak  o f  c o n n e c t ­
i v i t y  i n  t h e  r e g i o n .  T h is  a n a l y s i s  s u g g e s t s  t h a t  w i th  t im e  and 
deve lopm en t o f  t r a n s p o r t  th e  c o re  o f  a c c e s s i b i l i t y  s h i f t s  tow ards  
th e  g e o m e t r ic  c e n t r e  a c c o r d in g  t o  th e  e n v iro n m e n t .  I n  t h i s  c a se  th e  
s h i f t  o f  th e  most a c c e s s i b i l e  p a r t  seems t o  be from  t h e  d i s t r i c t s ,  c u t  
by th e  r i v e r s  t o  t h e  d i s t r i c t s  bounded by th e  r i v e r s  w i t h  a  s u i t a b l e  
r a i l  n e tw o rk .  I t  a l s o  s u g g e s t s  t h a t  sh a p e ,  s i z e  and l o c a t i o n  a re  
im p o r ta n t  f a c t o r s  i n  t h e  c o n n e c t i v i t y  o f  a r e g i o n .
S a h iw a l ,  a n o th e r  Colony d i s t r i c t ,  r e s e m b le s  L y a l lp u r  i n  many 
c h a r a c t e r i s t i c s  p a r t i c u l a r l y  i n  a g r i c u l t u r e  i n  w hich i t  i s  one o f  t h e  
r i c h e s t  d i s t r i c t s  i n  t h e  r e g i o n .  I t  h a s  a l s o  been  s e l e c t e d  f o r  
a g r i c u l t u r e  deve lopm en t u n d e r  t h e  Model Farming Scheme, i n  w hich some 
s c i e n t i f i c  m ethods have  been  u s e d  t o  i n c r e a s e  t h e  a g r i c u l t u r a l  
p r o d u c t i v i t y .  I t  h o ld s  a lo w e r  p r o p o r t i o n  o f  i n d u s t r i a l  u n i t s  and 
u rb a n  p o p u l a t i o n .  I t s  s e t t l e m e n t  p a t t e r n  i s  n o t  v e ry  much d i f f e r e n t  
from  L y a l l p u r  a s  t h e i r  s c o r e s  on s p a c in g  in d e x  r a n k  n in e  and 11 
r e s p e c t i v e l y .  A l l  t h e  u rb a n  c e n t r e s  e n jo y  th e  n o d a l i t y  o f  bo th  r a i l  
and r o a d ,  w i th  t h e  e x c e p t io n  o f  D epalpur and H u j r a  w hich  a r e  pu re  
c r e a t i o n s  o f  r o a d  deve lopm ent a f t e r  th e  f i n a l  deve lopm en t o f  th e  
r a i l w a y s ,  and a r e  l o c a t e d  be tw een  two p a r a l l e l  r a i l w a y  l i n e s .  A l l  
t h e s e  u rb a n  c e n t r e s  w hich a re  now e n jo y in g  th e  c e n t r a l i t y  o f  bo th  
r a i l  and r o a d  n e tw o rk s ,  were i n i t i a l l y  n o t  more t h a n  r a i l w a y  s t a t i o n s  
d i s t r i b u t e d  on th e  two r a i l w a y  l i n e s .  L a t e r  on t h e s e  c e n t r e s  p r o s p e r e d  
w i th  t h e  r e v o l u t i o n  i n  a g r i c u l t u r e  and became m ark e t  c e n t r e s  f o r  th e  
l o c a l  a g r i c u l t u r a l  s u r p l u s .  As th e  d i s t r i c t  i s  bounded by two r i v e r s ,  
th e  Ravi and th e  S u t l e j ,  and t h e r e  i s  no o b s t a c l e  l i k e  r i v e r s  o r  
m o u n ta in s  i n  t h e  d i s t r i c t ,  a maximum number o f  r o a d  r o u t e s  were con­
s t r u c t e d  to  c o n n e c t  t h e s e  towns th ro u g h  th e  c e n t r e  o f  t h e  d i s t r i c t ,  
where  a number o f  nodes  ( j u n c t i o n s )  a p p e a re d  w i t h  t h e i r  com m ercial 
im p o r ta n c e .  I t  i s  c o n c lu d e d  t h a t  th e  c o n s t r u c t i o n  o f  r o a d s  and 
r a i l w a y s  h a s  i n f l u e n c e d  la n d  u s e  i n  th e  d i s t r i c t  i n  many ways. H aving  
im proved  th e  a c c e s s i b i l i t y  from  and t o  t h e  c e n t r e s  o f  consum ption  i n  
and o u t s i d e  th e  d i s t r i c t ,  i t  e n c o u ra g e d  th e  e x p o r t  o f  s u r p l u s  and 
b e t t e r - g r o w n  p r o d u c e .  I n  exchange f o r  t h e s e  com m odit ies  o t h e r  a r t i c l e s  
demanded i n  t h e  d i s t r i c t  were im p o r te d  and commerce g a in e d  i n  im p o r ta n c e .  
The abnorm al i n c r e a s e  i n  t h e  p o p u l a t i o n  o f  such r a i l w a y  s t a t i o n  towns 
as O kara ,  S a h iw a l  and A r i f w a la  i s  a c l e a r  r e f l e c t i o n  o f  t h e i r  im proved
c o n d i t i o n  owing t o  t h e  r a i l w a y  c o n n e c t io n s .  I n  t h i s  way i t  i s  b e l i e v e d  
t h a t  r o a d  deve lopm en t h a s  a b ig  c o n t r i b u t i o n  tow ards  t h e  h ig h  s c o r e s  
o f  t h e  d i s t r i c t  on a l l  th e  c o n n e c t i v i t y  i n d i c e s .  I t  i s  a l s o  e x p e c te d  
t h a t  t h e  towns o f  t h i s  d i s t r i c t  w i l l  show h ig h  s c o r e s  on th e  a c c e s s ­
i b i l i t y  i n d e x ,  m easu red  on l a r g e  s c a l e  i n d i c e s ,  due t o  t h e i r  a c c e s s i b l e  
p o s i t i o n  w i t h i n  t h e  d i s t r i c t .
The p o s i t i o n  o f  two w e s t e r n  d i s t r i c t s ,  M ianw ali and M u z a f fa rg a rh  
( s e e  F ig u re  1 .1 )  i s  d i f f e r e n t  i n  c h a r a c t e r i s t i c s .  They a r e  s i m i l a r  i n  
a r e a  and a r e  s p a r s e l y  p o p u la t e d  w i t h  a  d e n s i t y  o f  203 and 279 p e r s o n s  
p e r  s q u a re  m ile  r e s p e c t i v e l y .  These  a re  th e  d i s t r i c t s  w here  i r r i g a t i o n  
deve lopm en t to o k  p l a c e  o n ly  r e c e n t l y  and p o p u l a t i o n  d e n s i t i e s  have 
rem a in ed  v e r y  low . Away.from th e  R iv e r  I n d u s ,  th e  w hole  L ie ah  T e h s i l  
o f  M u z a f fa rg a rh  d i s t r i c t  was d e s e r t  u n t i l  th e  c o n s t r u c t i o n  o f  T ha i  
Canal w hich  b ro u g h t  s i m i l a r  changes  i n  M ianw ali d i s t r i c t  as w e l l .
Being t h e  new ly d e v e lo p e d  d i s t r i c t s  t h e i r  s c o r e s  on economic i n d i c e s  
c a n n o t  be compared w i th  th e  a l r e a d y  d i s c u s s e d  Canal C olony d i s t r i c t s ;  
how ever ,  t h e i r  p o s i t i o n  can  be a s s e s s e d  by th e  c hanges  i n  t h e  r e c e n t  
decade o f  1961 -1971 .
M ianw ali d i s t r i c t  h a s  a  r e l a t i v e l y  lo n g  s t a n d i n g  u r b a n  h i s t o r y  w i th  
some o l d  towns on t h e  I n d u s ,  such  as  I s a  K h e l ,  K alabagh  and Bhakkar 
t h a t  have  been  a c t i n g  as  t r a d e  c e n t r e s  s in c e  and b e f o r e  th e  r a i l w a y  
deve lopm en t i n  t h e  r e g i o n ;  t h e r e f o r e  i t  i s  c o m p a r a t iv e ly  more u r b a n iz e d  
w i th  2 1 .5  p e r  c e n t  u rb a n  p o p u l a t i o n  w h i le  M u z a f f a rg a th  h a s  o n ly  7 ,7  p e r  
c e n t .  S i m i l a r l y  t h e  change be tw een  1961-71 i n  u r b a n  p o p u l a t i o n  o f  
M ianw ali ( 6 5 ,9  p e r  c e n t )  and M u z a f fa rg a rh  ( 6 4 .0  p e r  c e n t )  d i s t r i c t s  i s  
h i g h e r  t h a n  t h e i r  change i n  t o t a l  p o p u l a t i o n  (47 p e r  c e n t  and 57 p e r  
c e n t  r e s p e c t i v e l y ) .  T h is  i n d i c a t e s  a r a p i d  u rb a n  g row th  i n  t h e s e  
d i s t r i c t s  w hich  can  be s im p ly  e x p la in e d  by th e  r e c e n t  deve lopm en t o f  
t h e  T .D .A . (T h a i  Development A u t h o r i t y ) ,  and t h e i r  b i g  s h a re  i n  r a i l  
and r o a d  n e tw o rk s  by w hich th e  towns o f  t h e s e  d i s t r i c t s  a re  w e l l  
c o n n e c te d .  The c o n s t r u c t i o n  o f  a r o a d  betw een  M ianw ali  and M ultan  
r u n n in g  p a r a l l e l  t o  th e  r a i l w a y  l i n e  a t  a  s h o r t  d i s t a n c e ,  p r o v id e s  a 
s h o r t  c u t  c o n n e c t io n  t o  th e  towns ( l o c a t e d  on r a i l w a y  l i n e )  and 
r a n k s  th e  d i s t r i c t s  h ig h  on c o n n e c t i v i t y  i n d i c e s .
S h e ik h u p u ra ,  i r r i g a t e d  by th e  Upper Chenab and th e  Lower Chenab 
c a n a l s  i s  i n c l u d e d  i n  t h e  a g r i c u l t u r a l  and r a p i d l y  g row ing  d i s t r i c t s
o f  th e  r e g i o n .  B ecause o f  i t s  l o c a t i o n  i n  th e  i n d u s t r i a l  b e l t  a 
r e c e n t  and r a p i d  grow th  o f  i n d u s t r i e s  p a r t i c u l a r l y  a lo n g  th e  
L a h o re -S h e ik h u p u ra  r o a d  h a s  d e v e lo p e d  th e  d i s t r i c t  a s  an  i n d u s t r i a l  
c e n t r e .  T h is  i s  due t o  t h e  f a c t  t h a t  Lahore  h a s  a l r e a d y  r e a c h e d  i t s  
peak  p o i n t  i n  i n d u s t r i a l  c o n c e rn  and i s  a l s o  n e a r  t h e  b o r d e r .  The 
towns o f  th e  d i s t r i c t  a re  w e l l  c o n n e c te d  by r a i l  and r o a d  w i t h i n  t h e  
d i s t r i c t s  and t o  t h e  main c e n t r e s  o f  th e  r e g i o n .  A p a r t  from  t h a t  
th e  r e c e n t  deve lopm en t o f  r o a d s  i n  t h e  d i s t r i c t  h a s  r a n k e d  i t  h i g h e s t  
on th e  i n d i c e s  l i k e  c o n n e c t i v i t y ,  a r e a  p e r  m i le  o f  r o u t e ,  w id th  o f  
r o a d s  and t r a f f i c  f lo w ,  w hich h a s  been one o f  t h e  im p o r t a n t  f a c t o r s  
r e s p o n s i b l e  f o r  t h e  r i s e  o f  S h e ik h u p u ra  as an i n d u s t r i a l  c e n t r e .
Among th e  r e s t  o f  th e  i n t e r m e d i a t e l y  r a n k e d  d i s t r i c t s ,  Lahore  and 
G u jra n w a la ,  w hich a r e  c h a r a c t e r i z e d  a s  th e  m ost u r b a n i z e d  and 
i n d u s t r i a l l y  d e v e lo p e d ,  d e s e rv e  s p e c i a l  comments. Both a r e  s m a l l  i n  
s i z e  and a r e  h i n t e r l a n d s  f o r  t h e i r  r e s p e c t i v e  c i t i e s  o f  L ahore  and 
G u jran w a la ,  w hich  a r e  c o n n e c te d  to  th e  s m a l l e r  towns o f  t h e i r  d i s t r i c t  
and th e  towns o f  t h e  r e g i o n .  As v e r t i c e s  o f  t h e s e  d i s t r i c t s  th e y  a re  
w e l l  c o n n e c te d  w i th  each  o t h e r ,  though a c c e s s i b i l i t y  t o  th e  r e s t  o f  
t h e  d i s t r i c t  i s  p o o r .  I n  t h i s  way th e  r o l e  o f  t h e s e  d i s t r i c t s  as 
i n t e r - r e g i o n a l  t r a n s p o r t  nodes i s  superim posed  on t h e i r  l o c a l  n e tw o rk s
8 .1 0  R e l a t i o n s h i p
F i n a l l y  i n  t h e  l i g h t  o f  d i s t r i c t  l e v e l  i n d i c e s  o f  t r a n s p o r t  ne tw o rk  
we can  p ro c e e d  t o  d i s c u s s  i t s  r e l a t i o n s h i p  w i th  some geo-econom ic  
a s p e c t s .  Fo r  t h i s  p u rp o se  13 p a ra m e te r s  ( f o r  th e  same 19 d i s t r i c t s )  
have been  s e l e c t e d  t o  e s t a b l i s h  t h e i r  r e l a t i o n s h i p  w i th  c o n n e c t i v i t y  
(X ) .  The v a r i a b l e s  i n c l u d e :
Y1 = T o t a l  p o p u l a t i o n  1971
Y2 = P e r  c e n t  v a r i a t i o n  i n  t o t a l  p o p u l a t i o n
Y3 = D e n s i ty  o f  p o p u l a t i o n  1971
Y4 = U rban  p o p u l a t i o n  1971
Y5 = P e r c e n ta g e  o f  u rb a n  p o p u l a t i o n  1971
*
The v a l u e s  f o r  t h e s e  p a ra m e te r s  have  been  t r a n s f o r m e d  i n t o  s p a t i a l  
in d e x  r e l a t i v e s ,  t a k i n g  th o s e  f o r  Jhang  d i s t r i c t  as  100 , r e a s o n e d  
by 1 .0 0  v a l u e s  w hich has  a l s o  been m u l t i p l i e d  by 100 ,
(See A ppendix  K ) *
Y6 = P e r c e n ta g e  v a r i a t i o n  i n  u rb a n  p o p u l a t i o n  1961-1971
Y7 = Number o f  u r b a n  c e n t r e s  1971
Y8 = T o ta l  r e c e i p t s  o f  M u n ic ip a l  Committees 1971
Y9 = M ed ica l  s e r v i c e s  (number o f  h o s p i t a l s )  1971
Y10 = Number o f  r e g i s t e r e d  f a c t o r i e s  1971
Y l l  = A r r i v a l  o f  w hea t  i n  t h e  m ark e ts  1971
Y12 = Number o f  i n t e r / d e g r e e  c o l l e g e s  1971
Y13 = Shape in d e x
The computed r e l a t i o n s h i p  be tw een  B e ta  In d e x  (X) and geo-econom ic  
p a ra m e te r s  (Y1 -  Y13) can  be g iv e n  i n  th e  f o l l o w in g  f a s h i o n  a lo n g  w i th
c o r r e l a t i o n  c o - e f f i c i e n t s  (Y) 
Y
and c o - e f f i c i e n t  o f
t
d e te r m i n a t i o n  (7 ^ )  
r 1 (70
Y1 - 1 4 9 .5  ■;■ + 2 .3 1  X .840 70.6
Y2 = 81 .55 + 0 .1 9  % .251 6 .31
Y3 = - 1 2 8 .4 5 + 2 .2  X .564 31 .86
Y4 = -2 2 1 .3 7 + 3 .2  76 .410 16 .81
Y5 = 66 .76 + 0 .4 5  X .151 2 .3 0
Y6 = 8 8 .28 + 0 .1 2  X .162 2 ,6 0
Y7 4 0 .3 8 + 0 .93  70 .406 16 .50
Y8 = - 5 8 0 .2 1 + 7 .1 8  X .536 28.76
Y9 = -1 1 9 ,2 1 + 2 .2 5  X .698 48 .66
Y10 = -2 0 9 9 .1 7 + 24 .73  Y- .494 24 .46
Y l l = -2 8 5 .7 5 + 3 .33  X .757 57.33
Y12 - 5 0 .1 0 + 1 .4 0  X- .517 26 .75
Y13 = 1 07 .19 + 0 .5 7  X .290 8 .4 0
The a n a l y s i s  p r e s e n t e d  above shows th e  h i g h e s t  ( + .8 4 )  c o r r e l a t i o n  
betw een th e  c o n n e c t i v i t y  and p o p u l a t i o n  d i s t r i b u t i o n ,  w hich  seems t o  
have  come o u t  as  e x p e c t e d .  S i m i l a r l y  a< p o s i t i v e  r e l a t i o n s h i p  e x i s t s  
be tw een  e ach  deve lopm en t c h a r a c t e r i s t i c  and th e  n e tw o rk  s t r u c t u r e ,  w i th  
’m e d ic a l  s e r v i c e s '  and ' g r a i n  m arke t  a c t i v i t i e s '  b e in g  th e  most im p o r ta n t  
v a r i a b l e s .  The l e s s  t h a n  m o d era te  r e l a t i o n s h i p  w i th  t h e  i n d u s t r i a l i z a t i o n  
( .4 9 4 )  e x h i b i t s  a  f a c e t  o f  an u n d e r  d e v e lo p e d  economy.
C h a p te r  9 
CONCLUSION
T h is  s tu d y  h a s  a t t e m p te d  t o  a n a ly s e  a f u n c t i o n a l  r e l a t i o n s h i p  
betw een  t r a n s p o r t  and u r b a n  d ev e lo p m en t.  T h is  r e l a t i o n s h i p  was a n a ly s e d  
f o r  t h e  p e r i o d  s in c e  1881 . The s tu d y  was d i v id e d  i n t o  two p a r t s .
The f i r s t  a n a ly s e d  th e  s p a t i a l  and economic c o n se q u e n c e s  o f  t h e  
h i s t o r i c a l  deve lopm ent o f  t r a n s p o r t  f a c i l i t i e s  i n  t h e  r e g i o n ,  w h i le  th e  
second  p a r t  o u t l i n e d  th e  e f f e c t  o f  a c c e s s i b i l i t y  (by  d i f f e r e n t  modes 
o f  t r a n s p o r t )  on u rb a n  grow th  and economic a c t i v i t i e s .
On th e  b a s i s  o f  a v a i l a b l e  d a t a ,  t h e  i n d i c e s  d i s c u s s e d  p ro v id e d  
i n s i g h t  i n t o  t h e  g e n e r a l  l e v e l s  o f  u r b a n i z a t i o n  and t r a n s p o r t a t i o n  
o v e r  t im e  and sp ace  i n  t h e  P a n ja b .  The p e r io d s  o f  v a r i e d  c o n n e c t i v i t y  
were i d e n t i f i e d  i n  c h a p te r  3 ,  By r e l a t i n g  th e  i n d i c e s  o f  t r a n s p o r t a t i o n  
t o  t h e  i n d i c e s  o f  u rb a n  deve lopm en t t h e  v a l i d i t y  o f  t h e  r e l a t i o n s h i p  
was p u t  t o  t h e  t e s t .  U s in g  th e  P a n jab  as a c a se  s tu d y  a t  d i v i s i o n  and 
d i s t r i c t  l e v e l s ,  t h e  e x e r c i s e  was t a k e n  up ( i n  c h a p t e r s  4 t o  6 )  a f t e r  
p r o v id i n g  a background  o v e rv iew  o f  th e  s tu d y  and r e g i o n  i n  c h a p te r  1 .
The h i s t o r i c a l  o r i g i n s  o f  s p a t i a l  o r g a n i z a t i o n  i n  t h e  P a n ja b  have 
been  examined w i th  em phasis  on t h e  u rb a n  sy s tem  and th e  o r i e n t a t i o n  o f  
t r a d i n g  l i n k s .  The e a r l y  towns on th e  r i v e r s  w ere  shown to  be a p r o d u c t
it
o f  t h e  e x p a n s io n  o f  t h e  t r a d i n g  e m p ires  . These towns s e rv e d  as  t r a d e  
c e n t r e s  m a in ly  l i n k e d  w i th  towns o u t s i d e  th e  a r e a  r a t h e r  th a n  w i th  th e  
i n t e r i o r  o f  th e  r e g i o n .  B r i t i s h  r u l e  l e d  t o  a  v e ry  d i f f e r e n t  p a t t e r n  
o f  s p a t i a l  o r g a n i z a t i o n .  Along w i th  th e  c o n s t r u c t i o n  o f  t h e  r a i lw a y  
and r o a d s  a number o f  f a c i l i t i e s  were e s t a b l i s h e d  t o  f a c i l i t a t e  th e  
e x p o r t  o f  a g r i c u l t u r a l  p ro d u c e ,  w hich e n cou raged  i n t e r n a l  t r a d e .
U r b a n iz a t i o n  i n  th e  r e g i o n  may be t r a c e d  lo n g  back  i n  h i s t o r y .  
However, modern u rb a n  deve lopm en t was i n i t i a t e d  by th e  a c t i v i t i e s  o f
E i t h e r  B r i t i s h  o r  p r e - B r i t i s h
im m ig ra n ts  ( i n  th e  c e n t r e  o f  t h e  P a n ja b )  and th e  e x p a n s io n  o f  t h e  
c o l o n i a l  economy, w hich gave r i s e  t o  th e  d i f f e r e n t  p a t t e r n s  o f  
d e v e lo p m en t .  The a n a l y s i s  s u g g e s t s  t h a t  t h e  i n t e r i o r  c e n t r e s  c o u ld  
n o t  have  become an i n t e g r a t e d  s p a t i a l  u rb a n  sy s tem  b u t  f o r  th e  
t r a n s p o r t  n e tw o rk s ,  w hich  w ere  c r e a t e d  f o r  th e  e f f i c i e n t  f u n c t i o n i n g  
o f  th e  c o l o n i a l  sp a ce  economy. I t  may be c o n c lu d e d  t h a t  th e  p r e s e n t  
day u r b a n  sy s te m  i n  th e  r e g i o n  i s  l a r g e l y  th e  p r o d u c t  o f  t h e  c o l o n i a l  
d e v e lo p m e n ts .  The h i s t o r y  o f  i n t e r n a l  t r a n s p o r t  c an  be t r a c e d  even 
f u r t h e r  b a c k ,  a s  i t  r e f l e c t e d  p r e - B r i t i s h  h i s t o r i c a l  p r o c e s s e s .
However, t h i s  was s u b j e c t  t o  m ajo r  changes  as a r e s u l t  o f  t h e  p o l i t i c a l  
and economic c hanges  i n  t h e  r e g i o n  a f t e r  1881.
The s tu d y  c o n c lu d e d  t h a t  t h e  towns which a l r e a d y  e x i s t e d  i n  1881 
p r o v id e d  a b a s i c  u rb a n  framework f o r  t h e  i n i t i a l  deve lopm en t o f  
t r a n s p o r t  i n  g e n e r a l  and th e  r a i l w a y  ne tw ork  i n  p a r t i c u l a r .  The 
grow th  o f  t r a n s p o r t  to o k  th e  form  o f  r i v e r  c l e a r i n g ,  r a i l w a y  con­
s t r u c t i o n  and r o a d  b u i l d i n g .  I n i t i a l l y  th e  r a i l w a y  p ro v ed  to  be th e  
m ost e f f e c t i v e  means o f  t r a n s p o r t i n g  a g r i c u l t u r a l  g o o d s .  T h is  was 
fo l lo w e d  by r o a d  deve lopm ent t o  l i n k  m arke t  c e n t r e s .  T h is  deve lopm en t 
s t i m u l a t e d  u r b a n  grow th and e x p a n s io n ,  which was accom panied  by 
p o l i t i c a l  and a d m i n i s t r a t i v e  c e n t r a l i z a t i o n  and econom ic i n t e g r a t i o n .  
Many towns grew due to  changes  i n  t h e  e n v iro n m e n ta l  p o t e n t i a l i t i e s  f o r  
b o th  a g r i c u l t u r e  and i n d u s t r y  w i th  t h e  c o n c e n t r a t i o n  o f  s e r v i c e s  i n  
t h e s e  c e n t r e s  (w hich  were l i n k e d  by r a i l  and ro a d s ) .  An u r b a n  sy s tem  
began  t o  t a k e  shape  i n  t h e  c e n t r e  o f  th e  r e g i o n ,  w h i l e  t h e  n o r t h  and 
s o u th  were r e l a t i v e l y  i n a c c e s s i b l e  and e x p e r ie n c e d  s low  d e v e lo p m en t .
The l o c a t i o n  o f  f a s t  g row ing  towns had  been  s h i f t e d  from  t h e  n o r t h ­
e a s t  t o  t h e  c e n t r e .
The a n a l y s i s  d e m o n s t ra te d  t h a t  u r b a n i z a t i o n  was m a in ly  r e l a t e d  t o  t h e  
t h r e e  f a c t o r s  o f  a g r i c u l t u r e ,  t r a n s p o r t  a c c e s s i b i l i t y  and i n t e r n a l  
m i g r a t i o n s ,  w hich a r e  so c o m p le te ly  i n t e r r e l a t e d  and m u tu a l ly  dependen t  
t h a t  i t  i s  d i f f i c u l t  t o  d i s t i n g u i s h  t h e  i n f l u e n c e  o f  th e  i n d i v i d u a l  
f a c t o r  a t  t h i s  s t a g e .  However, t h e  r e s u l t s  s u g g e s t  t h a t  t r a n s p o r t a t i o n  
c o n n e c t i v i t y  was p r o b a b ly  th e  m ost im p o r ta n t  f a c t o r  th ro u g h o u t  th e  
p e r i o d .  I n  many s t a g e s  o f  u r b a n i z a t i o n  a g r i c u l t u r e  and m ig r a t i o n  a r e  
n o t  s u f f i c i e n t  t o  b r in g  towns i n t o  e x i s t e n c e  o r  t o  make them grow. I t  
i s  v e ry  d i f f i c u l t  t o  im ag in e  any u rb a n  c e n t r e  a t  any t im e  growing o r  
s u r v i v i n g  f o r  t h a t  m a t t e r  w i th o u t  m in im al t r a n s p o r t a t i o n  a c c e s s i b i l i t y .
A part  from  t h a t  i t  i s  u n d e r s to o d  t h a t  t h e  growth o f  t h e  P a n ja b  towns 
m igh t  have  d i f f e r e n t  f a c t o r s  u n d e r l y i n g  i t ,  b u t  t h e r e  i s  one e le m en t  
common to  a l l  o f  them . The towns were no lo n g e r  c o n f in e d  t o  t h e i r  
i s o l a t e d  s u r r o u n d in g s  and w ere  b ro u g h t  c l o s e r  t o  one a n o th e r  by th e  
g r e a t l y  im proved  ne tw o rk  o f  com m u n ica t io n s .  S i m i l a r l y  t h e  d i s t r i ­
b u t io n  o f  t h e s e  towns s u g g e s te d  t h a t  t h e  dev lopm ent o f  t h e  t r a n s p o r t  
n e tw o rk  had  i n j e c t e d  l i f e  i n t o  p a t t e r n s  o f  u rb a n  g ro w th .  P a r t i c u l a r l y  
s in c e  t h e  p a r t i t i o n  o f  1947, t h e  pace and n a t u r e  o f  u r b a n  deve lopm en t 
h a s  b o th  q u ick e n e d  and ch an g ed ,  and th e  u rb a n  l a n d s c a p e  f e a t u r e s  o f  
can tonm en t and m a rk e t  towns have  been  r e - s h a p e d  by th e  i n t e r p l a y  o f  
a c c e s s i b i l i t y .
C h a p te r  3 p r o v id e d  in f o r m a t io n  on th e  h i s t o r i c a l  g row th  o f  th e  
r a i l w a y  a lo n g  w i th  i t s  s p a t i a l  and economic c o n s e q u e n c e s .  The 
sequence  o f  deve lopm en t c o r r e s p o n d s  to  t h e  g e n e r a l  c o l o n i a l  m odel.
The te m p o ra l  a n a l y s i s  o f  th e  r a i l  ne tw ork  f o r  t h e  r e g i o n  p r o v id e s  
o r d e r e d  in f o r m a t io n  on r e g i o n a l  t r e n d s  w hich c a n n o t  be e x t r a c t e d  
from s im p le  d e n s i t y .  U n t i l  1900 t r a n s p o r t  in v e s tm e n t  was concen­
t r a t e d  a round  th e  m in ing  (M ia n i)  and a d m i n i s t r a t i v e  no d es  (L a h o re ,  
R aw alp in d i  and M u l ta n ) .  These e a r l i e s t  c o re  r e g i o n s  d e v e lo p e d  v e ry  
r a p i d l y  due t o  t h e i r  l o c a t i o n a l  and p o l i t i c a l  a d v a n ta g e s .  I n  th e  
second  p e r i o d  o f  deve lopm en t (1 9 0 1 -3 1 ) ,  t h e  t r e n d  em phas ized  i n v e s t ­
ment i n  t h e  c e n t r e ,  where w i th  th e  deve lopm ent o f  i r r i g a t i o n  th e  
e x i s t e n c e  o f  'm andi to w n s ' to o k  p l a c e  f o r  t h e  c o l l e c t i o n  o f  a g r i ­
c u l t u r a l  p ro d u c e .  The r a i l w a y s  on w hich t h e s e  towns w ere  l o c a t e d  
c a r r i e d  t h e  a g r i c u l t u r a l  p roduce  t o  K a ra ch i  f o r  s h ip m e n t .  W hile t h i s  
was h a p p e n in g  c e r t a i n  r o u t e s  became dom inant a s  ' c o r r i d o r s '  and a t  
th e  end o f  t h i s  s t a g e  (1931) a n o th e r  c y c le  o f  t r a n s p o r t  deve lopm ent 
w i th  an a l t e r n a t i v e  mode ( r o a d s )  was imposed on th e  f i r s t .  The 
im p o r ta n c e  o f  t h e  r a i l w a y  n e tw ork  i n  r e l a t i o n  t o  th e  e v o l u t i o n  o f  
th e  u r b a n  sy s tem  c a n n o t  be o v e r  em phas ized . The r a i l w a y  had  n o t  o n ly  
l i n k e d  a l l  t h e  m a jo r  c e n t r e s  i n  a  s p a t i a l  s t r u c t u r e ,  and r e o r i e n t e d  
t h e i r  e x t e r n a l  r e l a t i o n s h i p s  b u t  a l s o  e n la r g e d  t h e  econom ic base  o f  
th e  i n d i v i d u a l  c e n t r e s .  Along th e  r a i lw a y  many towns grew i n  s i z e  
and i m p o r ta n c e .
The a n a l y s i s  s u g g e s t s  t h a t  t h e  deve lopm ent o f  b o th  r a i l  and ro ad
T a a f f e ,  M o r r i l l  and Gould (1963)
n e tw o rk s  was a s  im p o r t a n t  as t h e  emergence o f  u r b a n  c e n t r e s  th e m s e lv e s
i n  t h e  p r o c e s s  o f  t h e  e v o l u t i o n  o f  t h e  r e g i o n a l  u r b a n  sy s te m . The
grow th  o f  t r a n s p o r t  a c te d  as  an a r t e r y ,  b r in g i n g  l i f e  i n t o  t h e  e n t i r e
sy s tem  and r e g u l a t e d  i t s  s t r u c t u r a l  and s p a t i a l  g ro w th .  The te m p o ra l
l in k a g e  o f  r a i l w a y  n e tw o rk s  r e f l e c t e d  th e  e x i s t e n c e  o f  s p e c i f i c
*
c o m p le m e n ta r i t i e s  be tw een p l a c e s ,  and i n l a n d  p e n e t r a t i o n  was r e l a t e d  
t o  th e  ac h ie v e m e n t  o f  e i t h e r  p o l i t i c a l  o r  economic o b j e c t i v e s .
However, n e tw o rk s  may a l s o  be se en  as  c a u se  as  w e l l  a s  e f f e c t .
On th e  b a s i s  o f  t h e  a n a l y s i s  p r e s e n t e d  i n  th e  f i r s t  f o u r  c h a p te r s  
i t  can  be c o n c lu d e d  t h a t  t h e  i n t r o d u c t i o n  o f  r a i l w a y s  and t h e  im prove­
m ents o f  t h e  r o a d s  added a new d im en s io n  t o  t h e  s p a t i a l  a r ra n g e m e n t  o f  
t h e  d i s t r i b u t i o n  o f  to w n s .  The g r a d u a l  i n c r e a s e  i n  c o n n e c t i v i t y  
en c o u ra g e d  th e  c u l t i v a t i o n  o f  c a sh  c ro p s  and t h e  r i s e  o f  m arke t  c e n t r e s .  
The p e r i o d  be tw een  1931-71 w i t n e s s e d  th e  s t r i n g  d e ve lopm en t o f  towns 
enum era ted  e a r l i e r  a lo n g  th e  r a i l w a y s .  T h is  p e r i o d  l e d  t o  t h e  e n l a r g e ­
ment o f  e x i s t i n g  to w ns , th e  grow th o f  new ones and th e  c r e a t i o n  o f  an 
u rb a n  com plex  a lo n g  th e  a r t e r i e s  o f  t r a n s p o r t .  The p e r i o d  h a s  g r e a t  
im p o r ta n c e  f o r  b o th  t h e  changes  i n  p o p u l a t i o n  and r o a d  d e v e lo p m en t .
The a n a l y s i s  shows t h a t  d u r in g  t h e  p e r i o d  (1 9 3 1 -7 1 )  t h e  change i n  
t o t a l  p o p u l a t i o n  was fo l lo w e d  by th e  change o f  u r b a n  p o p u l a t i o n ,  
i n d i c a t i n g  t h a t  a t  t h e  e a r l y  s t a g e  r a i l w a y  deve lopm en t p la y e d  a v i t a l  
r o l e  i n  t h e  change o f  t o t a l  p o p u l a t i o n  r a t h e r  th a n  th e  change i n  u r b a n  
p o p u l a t i o n ,  b u t  l a t e r  on r o a d  deve lopm ent had a s i g n i f i c a n t  e f f e c t  on 
u rb a n  g ro w th .  I n  t h e  l i g h t  o f  t h i s  r e l a t i o n s h i p  i t  a p p e a r s  t o  s u g g e s t  
t h a t  a t  e a r l y  s t a g e s  t h e  r a i l  deve lopm ent had  f o l lo w e d  th e  u rb a n  
grow th i n  t h e  o l d  s e t t l e d  a r e a s  o f  m ajor  towns ( L a h o re ,  R a w a lp in d i ,  
M ultan  and B ahaw alpur)  t o  c o n n e c t  them , w h ereas  i n  t h e  d e c ad e s  o f  
r a i l w a y  deve lopm en t t h e  grow th and deve lopm ent o f  new u r b a n  c e n t r e s  
was f o l l o w i n g  r a i l  deve lopm en t i n  c e n t r a l  a r e a s  o f  new s e t t l e m e n t s .
The a n a l y s i s  a l s o  s u g g e s t s  t h a t  w i th  th e  e x c e p t io n  o f  th e  a r e a s  l i k e  
Bahawalpur d i v i s i o n ,  w here th e  u r b a n i z a t i o n  i s  a  r e c e n t  phenomenon, 
a l l  t h e  s u b - r e g io n s  show a s t r o n g  tem p o ra l  r e l a t i o n s h i p  betw een t r a n s ­
p o r t  and u rb a n  p o p u l a t i o n ,  w h ereas  th e  tem p o ra l  r e l a t i o n s h i p  betw een 
t o t a l  p o p u l a t i o n  and t r a n s p o r t  i s  h ig h  i n  th e  c e n t r e  and s o u th  and low 
i n  th e  n o r t h  e a s t  (L aho re  and R aw alp ind i  d i v i s i o n s ) .  The d i v i s i o n
as d e f i n e d  by T a a f f e ,  M o r r i l l  and Gould (1963)
l e v e l  r e l a t i o n s h i p  a l s o  i n d i c a t e s  t h a t  i n  M ultan  and B ahaw alpur t h e  
g row th  o f  th e  n e tw o rk  and o f  u rb a n  p o p u l a t i o n  was n o t  e q u a l  b e fo re  
1931, b u t  l a t e r  on t h i s  gap was c lo s e d  w i th  t h e  a b r u p t  grow th  o f  
u rb a n  p o p u l a t i o n .
A h ig h  i n c r e a s e  i n  th e  v a lu e s  o f  r e g i o n a l  c o n n e c t i v i t y  d u r in g  
1931-71 i n d i c a t e s  t h a t  t h e  changes  i n  r a i l  c o n n e c t i v i t y  o v e r  th e  
p e r i o d  w ere  l e s s  v a r i a b l e  th a n  th o s e  o f  r o a d .  T h is  w ould  t e n d  to  
s u g g e s t  t h a t  more o f  t h e  r e c o r d e d  changes  i n  t h e  r e c e n t  deve lopm en t 
a re  l i k e l y  t o  be c o n t r i b u t e d  t o  r o a d  t r a n s p o r t .  T h is  a s p e c t  i s  
c l e a r e r  a t  t h e  d i s a g g r e g a t e d  l e v e l  where r o a d s  have  p r o v id e d  b e t t e r  
s h o r t  c u t s  be tw een  towns (w hich i s  e v id e n t  from  i n c r e a s e d  v a lu e s  o f  
c i r c u i t  c o n n e c t i v i t y  i n  c h a p te r  5 ) .
The te m p o ra l  s i d e  o f  t h e  s tu d y  d i s c u s s e d  i n  th e  e a r l y  c h a p te r s  
d id  n o t  show what have  been  te rm ed  as  s y s t e m a t i c  f a c t o r s .  The 
second  p a r t  o f  t h e  s tu d y  c o n c e n t r a t e d  t h e r e f o r e  on th e  r o l e  p la y e d  by 
n o d a l  a c c e s s i b i l i t y  t o  u rb a n  c e n t r e s  i n  th e  s p a t i a l  p a t t e r n s  o f  u rb a n  
change a t  a l l  t h r e e  l e v e l s .  T h is  s e c t i o n  i s  b a sed  on s e v e r a l  a l t e r n ­
a t i v e  m easu res  o f  a c c e s s i b i l i t y ,  w hich were a p p l i e d  t o  th e  a n a l y s i s  o f  
s p a t i a l  p a t t e r n s  o f  u rb a n  c h a n g e .  The s tu d y  o f  r e l a t i o n s h i p  betw een  
n o d a l  a c c e s s i b i l i t y  and u rb a n  grow th  d i s c u s s e d  i n  c h a p t e r s  5 t o  7 h a s  
b ro u g h t  t o  l i g h t  s e v e r a l  im p o r ta n t  f e a t u r e s  r e l a t i n g  t o  t h e  s p a t i a l  
o r g a n i z a t i o n  o f  t h e  r e g i o n .  The a n a l y s i s  showed t h a t  d e s p i t e  p r o ­
nounced  c o n t r a s t s  i n  a c c e s s i b i l i t y  w i t h i n  th e  P a n ja b ,  t h e  d e f i n i t i o n  
o f  a c c e s s i b i l i t y  a d o p te d  h a d  a c r u c i a l  b e a r in g  on th e  p a t t e r n s  which 
were fo u n d .  I t  was shown t h a t  w i th  t h e  change o f  l e v e l  o f  a n a l y s i s  
and s i z e  o f  u r b a n  c e n t r e s ,  t h e  p a t t e r n  o f  r e g i o n a l  a c c e s s i b i l i t y  was 
ch a n g ed .  At P a n ja b  l e v e l  t h e  a c c e s s i b i l i t y  to  t h e  t r a n s p o r t  ne tw ork  
l i n k i n g  t h e  m a jo r  towns was h i g h e s t  i n  t h e  c e n t r e  and d e c l i n e d  t o  t h e  
p e r i p h e r y ,  w h i l e  t h e  s u b - r e g i o n a l  a c c e s s i b i l i t y  c o n t r a s t e d  s t r o n g l y  
and i n  some p e r i p h e r a l  s u b - r e g io n s  i t  was h i g h .  S i m i l a r  v a r i a t i o n s  i n  
th e  p a t t e r n s  o f  a c c e s s i b i l i t y  were a l s o  e v id e n t  w i th  t h e  change i n  
modes o f  t r a n s p o r t  and w i th  a l t e r n a t i v e  m easu res  o f  a c c e s s i b i l i t y .
The p a t t e r n s  o f  n o d a l  a c c e s s i b i l i t y  t o  th e  r o a d  n e tw o rk  a r e  d i f f e r e n t  
from  th o s e  o f  t h e  r a i l  n e tw o rk .  However, a p o s i t i v e  c o r r e l a t i o n  
be tw een  t o p o l o g i c a l  and n o n - t o p o l o g i c a l  a c c e s s i b i l i t y  s u g g e s t s  s i m i l ­
a r i t y  i n  th e  p a t t e r n s .
The p o i n t s  w hich  emerged from  th e  c o r r e l a t i o n  a n a l y s i s  be tw een 
a c c e s s i b i l i t y  and v a r i a b l e s  o f  change can  be summ arized as  f o l l o w s :
1 .  The p h y s io g ra p h y  and l e v e l  o f  u r b a n i z a t i o n  d i r e c t l y  a f f e c t  t h e  
a r e a l  d i s t r i b u t i o n  o f  a c c e s s i b i l i t y .
2 .  The m ajo r  towns c o n n e c te d  by l i n k s  o f  h ig h  bus f lo w  had  a h i g h e r  
grow th  r a t e  d u r in g  1 9 6 1 -7 1 .
3 .  R ecen t  d ev e lo p m en ts  i n  t r a n s p o r t  and a c c e s s i b i l i t y  have  been 
more e f f e c t i v e  i n  th e  grow th  and e x p a n s io n  o f  new towns th a n  
th e  towns o f  p re  1931 , These new towns have  g a in e d  a l e a d  
( i n  p o p u l a t i o n )  t o  t h e  o ld  towns a c c e s s i b l e  by r a i l w a y  due t o  
d i v e r s i o n  i n  th e  c h a n n e l  o f  t r a d e  by r o a d .  S i m i l a r l y  t h e  c h a n ce s  
f o r  th e  g row th  o f  new towns a re  h i g h e r  by new l i n k a g e  th a n  on th e  
l i n k  w i t h  heavy  t r a f f i c  f lo w .
4 .  Changes i n  a c c e s s i b i l i t y  d i s r u p t  th e  e x i s t i n g  p a t t e r n  o f  s p a t i a l  
c o m p e t i t i o n  and have  an e f f e c t  on r e l a t i v e  r a t e s  o f  u rb a n  g ro w th .
5 .  The im p o r ta n c e  o f  d i r e c t  a c c e s s i b i l i t y  v a r i e d  a c c o r d in g  to  
v a r i a b l e s  and s u b - r e g io n s  b u t  i n s p i t e  o f  t h i s  low l e v e l  o f  
e x p l a n a t i o n  some v a r i a b l e s  o f  change were fo u n d  w i th  a c o n s i s t e n t  
and s i g n i f i c a n t  c o r r e l a t i o n .  Some o f  th e  v a r i a b l e s  a re  h i g h l y  
i n t e r l i n k e d  i n  p r a c t i c e ,  as  se en  by th e  u s e  o f  c o n t r o l s  i n  t h e  
c o r r e l a t i o n  a n a l y s i s .
6 .  I n  t h e  c e n t r a l  d i s t r i c t s  ( o f  m ajo r  a g r i c u l t u r a l ,  i n d u s t r i a l  and 
com m ercial  a c t i v i t i e s )  r o a d  t r a n s p o r t  h a s  p la y e d  an im p o r ta n t  
r o l e  i n  a l l  economic and s o c i a l  c h a n g e s .  The e x i s t i n g  r o a d s  
have  f a c i l i t a t e d  and s t r e n g th e n e d  c o n n e c t io n s  betw een  th e  main 
grow th c e n t r e s ,
7 . The c u r r e n t  p a t t e r n s  o f  s p a t i a l  o r g a n i z a t i o n  t h a t  emerged 
th ro u g h  th e  i n d i c a t o r s  o f  i n t e r a c t i o n  ( f lo w  o f  p e o p le  and goods)  
r e v e a l s  t h a t  th e  towns a lo n g  t h e  main t r a n s p o r t a t i o n  c o r r i d o r s  
have  b o th  h ig h  grow th  and a c c e s s i b i l i t y .  T h i s  i s  due t o  th e  
r e d u c e d  f r i c t i o n  o f  d i s t a n c e  and t im e  by r o a d s .
F i n a l l y ,  i t  i s  n e c e s s a r y  t o  comment s p e c i f i c a l l y  on th e  p l a c e  o f  
s m a l l  u rb a n  c e n t r e s ,  s in c e  th e y  a r e  a t  th e  i n t e r f a c e  be tw een  r u r a l  and 
u rb a n  sy s tem s  i n  t h e  r e g i o n  and a r e  v i t a l  s p a t i a l  d e c i s i o n  p o i n t s  f o r  
d e v e lo p m e n t .  The s tu d y  r e v e a l s  a h ig h  i n c r e a s e  o f  such  u rb a n  c e n t r e s  
d u r in g  1931-71 p a r t i c u l a r l y  i n  t h e  newly s e t t l e d  d i s t r i c t s  o f  M u z a f fa r -  
g a rh  and M ianw ali w i th  a s i g n i f i c a n t  deve lopm en t o f  t r a n s p o r t  nodes
d u r in g  th e  same p e r i o d .  Alm ost a l l  such nodes owe t h e i r  grow th and 
e x i s t e n c e  t o  t h e  deve lopm en t o f  v a r i o u s  bus r o u t e s ,  w hich  now c r o s s  
t h e  g r e a t e r  p o r t i o n  o f  t h e  s u b - r e g io n s  and e x p e d i t e  c o m m e r c i a l i z a t i o n .  
At t h i s  l e v e l  t h e  r o a d s  have  p ro v ed  t o  be much more u s e f u l  t o  th e  
p e o p le  i n  th e  g r e a t e r  p o r t i o n  o f  t h e  r e g i o n  w here r a i l w a y s  have n o t  
been  a b le  t o  r e a c h  th e  rem o te  r u r a l  a r e a s .
H aving  d i s c u s s e d  th e  r e l a t i o n s h i p s  betw een t r a n s p o r t a t i o n  and u rb a n  
d e v e lo p m en t ,  a number o f  f u r t h e r  p o i n t s  need  to  be em p h a s ize d .  The 
v a r i a b l e s  o f  a g r i c u l t u r e  and i n d u s t r i a l i z a t i o n  have  n o t  been  a n a ly s e d  
i n  d e t a i l ,  b u t  t h e i r  d i s t r i c t  l e v e l  r e l a t i o n s h i p  shows t h a t  a l l  t h e s e  
v a r i a b l e s  a r e  h i g h l y  i n t e r l i n k e d  i n  th e  complex s t r u c t u r e  o f  th e  
r e g i o n .  I n  o r d e r  t o  examine t h i s  c o m p le x i ty  f u l l y ,  a  second  s t a g e  o f  
a n a l y s i s ,  w hich  i s  beyond th e  scope o f  t h i s  t h e s i s  w ould  be n e c e s s a r y .  
However, t h i s  s tu d y  h a s  d e m o n s t ra te d  t h a t  bo th  th e  t r a n s p o r t a t i o n  and 
some s y s t e m a t i c  f o r c e s  had  a m ea su rab le  b e a r in g  on th e  u r b a n  grow th  o f  
th e  r e g i o n  b e f o r e  1931 and on s u b s e q u e n t  p a t t e r n s  o f  d ev e lo p m en t .
APPENDIX A
D e f i n i t i o n s  ^
1 .1  T r a n s p o r t a t i o n  n e tw o rk s  a re  d e f in e d  as ' a  s e t  o f  g e o g ra p h ic  
l o c a t i o n s  i n t e r c o n n e c t e d  i n  a  sys tem  by a number o f  r o u t e s '  
(Kansky 1963)
1 .2  Topology i s  a  form  o f  geom etry  which i s  c o n c e rn e d  w i th  p o s i t i o n s  
and r e l a t i o n s h i p s  betw een p o i n t s  and l i n e s  and a r e a s ,  b u t  n o t  
w i t h  th e  d i s t a n c e  betw een p o i n t s ,  t h e  s t r a i g h t n e s s  o f  l i n e s  o r  
t h e  s i z e  o f  a r e a s ,
2
V e r t i c e s  ( a l s o  known as n o d e s ,  j u n c t i o n s ,  i n t e r s e c t i o n s  and 
t e r m i n a l s )  a r e  p o i n t s  u s u a l l y  l o c a t e d  a t  t h e  j u n c t i o n s  o f  two 
o r  more e d g e s .
3
1 .4  Edges ( a l s o  known as l i n k s ,  s i d e s ,  a r c s ,  s e g m e n ts ,  b ra n c h e s  
and r o u t e s )  a r e  l i n e s  w hich  l i n k  th e  v e r t i c e s .
1 .5  P a th s  a r e  s e t s  o f  c o n s e c u t iv e  edges l i n k i n g  t o g e t h e r  a  number 
o f  v e r t i c e s .
1 .6  A C i r c u i t  o r  a c lo s e d  p a th  i s  a  p a th  w hich  b e g in s  and ends a t  
t h e  same v e r t e x ,
1 .7  A fu n d a m e n ta l  c i r c u i t  i s  a  c i r c u i t  w hich  does n o t  c o n ta i n  any 
o t h e r  c i r c u i t ,
1*8 R egion  o r  f a c e s  a re  a r e a s  c o m p le te ly  e n c lo s e d  by fu n d am e n ta l  
c i r c u i t s .
1 .9  T o p o lo g ic a l  g ra p h s  ( n e tw o rk s )  a re  o f  many d i f f e r e n t  t y p e s .
They may be d i s t i n g u i s h e d  from  one a n o th e r  by th e  d i f f e r e n t  
ways i n  w hich  v e r t i c e s  a r e  l i n k e d  t o g e t h e r  by e d g e s .
A ' n u l l  g r a p h * c o n ta i n s  o n ly  v e r t i c e s  w i th  no edge to  l i n k  them 
t o g e t h e r .  I n  a ' c o n n e c te d  g r a p h * e v e ry  v e r t e x  i s  l in k e d  t o  th e  
n e tw o rk  by means o f  an ed g e ,  b u t  n o t  n e c e s s a r i l y  w i th  a  d i r e c t  
l i n k  t o  e v e ry  o t h e r  v e r t e x .  A g raph  w hich  h a s  a  d i r e c t  l i n k  
from  each  v e r t e x  t o  e v e ry  o t h e r  v e r t e x  i s  c a l l e d  a 'c o m p le te  
g raph  I A c o n n e c te d  g raph  which h a s  no c i r c u i t  i s  known as  a 
t r e e .  A t r e e  g raph  w hich  l i n k s  a l l  t h e  v e r t i c e s  i s  c a l l e d  a
s p a n n in g  t r e e .  Each o f  th e  s e p a r a t e  g ra p h s  w i t h i n  th e  same 
n e tw o rk  i s  known as  a  sub g r a p h . Networks i n  w hich  th e  
edges  m eet o n ly  a t  th e  v e r t i c e s  a r e  known as p l a n a r  g r a p h s .
The n e tw o rk  i n  w hich  two edges  c r o s s  w i t h o u t  fo rm in g  a 
v e r t e x  ( i e ,  a i r  r o u t e s )  i s  c a l l e d  a n o n - p l a n a r  g r a p h .
(N o n -p la n a r  g ra p h s  a r e  n o t  a n a ly s e d  i n  t h i s  s t u d y ) .
1 .1 0  B in a ry  M a t r ic e s  o r  m a t r i x  ( s i n g u l a r )  a r e  t a b l e s  c o n ta i n in g  
rows and colum ns i n  w hich  th e  c h a r a c t e r i s t i c s  o f  t o p o l o g i c a l  
g ra p h s  ( n e tw o r k s )  a r e  s e t  o u t  and w here each  o f  th e  rows and 
each  o f  t h e  columns i s  l a b e l l e d  w i th  t h e  name o f  th e  v e r t e x
o f  t h e  n e tw o rk s .  These a re  u s e d  t o  m easu re  n o d a l  a c c e s s i b i l i t y .
1 .1 1  C o n n e c t iv i t y  e x p r e s s e s  th e  de g re e  t o  which a n e tw o rk  p e rm i t s  
d i r e c t  movement be tw een  i t s  v a r i o u s  nodes  and i s  t h e r e f o r e  a  
s i n g l e  a g g r e g a te  m easu re  r e l a t i n g  t o  t h e  s t r u c t u r e  as  a  w h o le ,
1 .1 2  A c c e s s i b i l i t y  i s  s p e c i f i c  t o  i n d i v i d u a l  n o d e s ,  w hich  a re  
d i f f e r e n t i a t e d  i n  te rm s  o f  t h e i r  l o c a t i o n  r e l a t i v e  t o  one 
a n o t h e r .
2• M easures
Kansky (1963)  i n t r o d u c e d  a  l a r g e  number o f  g raph  t h e o r e t i c  
m easu res  i n  t h e  geog raphy  l i t e r a t u r e .  Many o f  t h e s e  a r e  i n d e x  numbers 
whose u t i l i t y  a p p e a r s  t o  be m a r g i n a l .  The t o p o l o g i c a l  and m e t r i c a t e d  
i n d i c e s  u s e d  i n  t h i s  s tu d y  a r e  g iv e n  below . ( I n  th e  i n d i c e s  'E '  and 
'V* a r e  edges  and v e r t i c e s  r e s p e c t i v e l y ) .  These i n d i c e s  p ro v id e  a 
p r e c i s e  way o f  d e s c r i b i n g  c o n n e c t i v i t y  and a c c e s s i b i l i t y  n u m e r i c a l ly .
C o n n e c t iv i t y
2 ,1  C y c lo m a t ic  number
Known as th e  f i r s t  B e l l i  number i s  one o f  th e  fu n d am e n ta l  
i n d i c e s  o f  g rap h  t h e o r y .  T h is  i s  n o t  a  r a t i o  m easure  and i s  
t h e  s i m p l e s t  way o f  m ea su r in g  c o n n e c t i v i t y .  I t  i s  w r i t t e n  a s :  
f*  = E -  V + P 
w here 'P* i s  number o f  sub g r a p h s .
T h is  i n d e x  c a n n o t  d i s t i n g u i s h  be tw een  n e tw o rk s  o f  v e ry  low 
c o n n e c t i v i t y ,  as th e  s im p le  ne tw o rk s  have  th e  v a lu e  o f  'O ' ,
B e ta  I n d e x
T h is  in d e x  m easu res  th e  r a t i o  be tw een  th e  number o f  l i n e s  
(E ) and number o f  p o i n t s  (V ) ,  B e ta  i s  d e f i n e d  ass
I
g i v in g  a r a n g e  o f  numbers be tw een 0 ,5  and 3 . 0 ,  T h is  in d e x  i s  
d e s ig n e d  so  t h a t  any n e tw o rk  w i th  a  b e t a  i n d e x  l e s s  th a n  
1 ,0 0  i n d i c a t e s  t h e  p r e s e n c e  o f  one co m p le te  c i r c u i t .  A r a t i o  
o f  o v e r  1 ,0 0  i n d i c a t e s  t h e  p re s e n c e  o f  more t h a n  one com ple te  
c i r c u i t .  T h is  i s  l e s s  u s e f u l  f o r  complex n e tw o rk s .
A lpha  In d e x
T h is  in d e x  i s  t h e  m ost u s e f u l  and p e rh a p s  t h e  b e s t  m easure  o f
th e  c o n n e c t i v i t y  o f  a  f a i r l y  complex n e tw o rk .  I t  i s  a f u r t h e r
r e f i n e m e n t  o f  th e  c y c lo m a t ic  number c / o  and c an  be d e f in e d  a s :
E - V + P  m
^    o r    (j_n  a  c o n n e c te d  g ra p h )
2V -  5 2V -5
T h is  may th e n  be m u l t i p l i e d  by 100 t o  change i t  i n t o  a  p e r c e n -
t a g e .  The in d e x  i n d i c a t e s  th e  number o f  fu n d a m e n ta l  c i r c u i t s
p o s s e s s e d  by th e  n e tw o rk  e x p re s s e d  as  a f r a c t i o n  o f  th e
maximum p o s s i b l e  num ber. The v a lu e s  f o r  th e  i n d e x  ra n g e  from
'O ' t o  1 . 0  ( i e ,  0 t o  100 %), and th e  h i g h e r  t h e  i n d e x  th e  h i g h e r
th e  l e v e l  o f  c o n n e c t i v i t y  o f  th e  n e tw o rk ,  A v a lu e  o f  1 .0
(100%) i n d i c a t e s  a n e tw o rk  i n  which e v e ry  p o s s i b l e  l i n k  e x i s t s
be tw een  th e  v e r t i c e s ,
Gamma in d e x
T h is  i s  t h e  r a t i o  be tw een  th e  a c t u a l  and th e  maximum p o s s i b l e  
number o f  edges  i n  a  g rap h  ( n e tw o r k ) .  I t  i s  d e f i n e d  a s :
y  =  - £ —
3 (V -2)
and can  a l s o  be m u l t i p l i e d  by 100 f o r  p e r c e n ta g e  v a l u e s ,  w hich 
r a n g e  be tw een  *0' and 100 %, U n l ik e  t h e  a lp h a  in d e x ,  t h i s  
e n a b le s  one t o  d i f f e r e n t i a t e  be tw een ' p a t h s '  and ' t r e e s ' ,  
b e c au se  i t  i s  b ased  on edges  r a t h e r  t h a n  c i r c u i t s .  T h is  i n d e x  
i s  v e ry  u s e f u l  f o r  r e l a t i v e  l in k a g e  c o n n e c t i v i t y  o f  th e  n e tw ork ,
D iam eter
The d e s c r i p t i o n  o f  a  n e tw o rk  by d i a m e te r  i n v o lv e s  th e  c o u n t in g  
o f  t h e  number o f  edges  i n  t h e  s h o r t e s t  p o s s i b l e  p a th  betw een
t h e  two v e r t i c e s  l o c a t e d  a t  th e  maximum d i s t a n c e  i n  th e  
n e tw o rk .  As th e  s i z e  o f  th e  ne tw ork  i n c r e a s e s ,  so i n  g e n e r a l  
does  th e  d i a m e te r  ( ^ ) .  I n  many ways t h e  d i a m e te r  o f  a 
n e tw o rk  i s  n o t  a r e l i a b l e  m easu re ,  be c au se  a  s im p le  change i n  
c o n n e c t i v i t y  c an  a l t e r  i t .
P i  In d e x
A lso  known as  d e g re e  o f  deve lopm ent i s  a  r a t i o  be tw een  th e  
t o t a l  l e n g t h  o f  th e  n e tw o rk  (C) and th e  a c t u a l  d i s t a n c e  a lo n g  
t h e  d ia m e te r  ( d ) .  I t  can  be d e f in e d  a s :
^  C 
d
T h is  i s  a  u s e f u l  i n d e x  i n  t h e  complex n e tw o rk s  o f  good s h a p e s ,  
w h i l e  i t  g iv e s  low v a lu e s  even  i n  th e  w e l l  d e v e lo p e d  n e tw o rk s  
o f  C h i l e  and Sweden.
4
E ta  In d e x
T h is  i s  a  r a t i o  m easure  and i n d i c a t e s  t h e  l e n g t h  o f  an a v e ra g e  
e d g e 0 I t  i s  w r i t t e n  a s :
M
IT"
w here 'M' i s  th e  t o t a l  m ile a g e  o f  t h e  n e tw o rk  
T h e ta  In d e x ^
T h is  i s  a  r a t i o  o f  th e  ne tw o rk  as  a  whole t o  i t s  v e r t i c e s .  I t  
may be w r i t t e n  as
T
& =  —
V
w here 'T '  i s  t o t a l  t r a f f i c  f low  o r  th e  t o t a l  volume o f  f r e i g h t  
c a r r i e d .  I t  i s  s u g g e s te d  t h a t  i t  c an  be u s e d  as  an a c c e s s o ry  
t o  by d e s c r i b i n g  a s :
V
I t  i s  im p o r t a n t  a s  i t  o f f e r s  i n f o r m a t io n  on t h e  l e n g t h ,  
s t r u c t u r e  and d e g re e  o f  c o n n e c t i v i t y  o f  th e  n e tw o rk  s im u l t a n ­
e o u s ly  (Kansky 1 9 6 3 ) ,
I o t a  In d e x
I t  m easu res  t h e  r a t i o  be tw een  th e  n e tw o rk  a s  a  whole  and 
w e ig h te d  v e r t i c e s .  I t  m easu res  t h e  a s p e c t s  i n c l u d i n g  s t r u c t u r e ,
l e n g t h  and f u n c t i o n s .  I t  may be w r i t t e n  as
"M ‘
I  = -----
W
where *Mf i s  t o t a l  m ile a g e  o f  t h e  n e tw o rk  and *W i s  o b se rv e d  
number o f  v e r t i c e s  w e ig h te d  by t h e i r  f u n c t i o n s .  I t  can  be . 
r e f i n e d  as  M , where 'T '  s t a n d s  f o r  ' t r a f f i c  f lo w * .
T
A c c e s s i b i l i t y  o f  t h e  i n d i v i d u a l  v e r t i c e s  i s  m easu red  by th e  s h o r t e s t -  
p a th  m a t r ix  w hich  i s  c o n s t r u c t e d  by i n s e r t i n g  th e  number o f  
s h o r t e s t - p a t h  edges  (b e tw een  a l l  p o s s i b l e  p a i r s  o f  v e r t i c e s )  
i n  th e  c e l l s  o f  th e  m a t r i x .  I n  t h e  c a s e  o f  a  m e t r i c a t e d  m a t r ix  
t h e  w e ig h te d  edges  a re  i n s e r t e d .  When th e  m a t r i x  h a s  been  
c o m p i le d ,  s e v e r a l  m easu res  o f  a c c e s s i b i l i t y  c a n  e a s i l y  be 
d e r i v e d  from  i t ,
2 .1 0  A s s o c i a t e d  Number (AN)
The AN o f  any v e r t e x  i s  th e  number o f  edges  n eed ed  t o  c o n n e c t  
i t  w i th  th e  ( t o p o l o g i c a l l y )  most d i s t a n t  v e r t e x  from  i t .  The 
lo w e s t  AN r e p r e s e n t s  t h e  m ost a c c e s s i b l e  n o d e .  The ANs a re  
a r r a n g e d  i n  t h e  form  o f  a  h i s to g r a m  w hich  g i v e s  a  c l e a r  imp­
r e s s i o n  o f  th e  amount o f  v a r i a t i o n  i n  t h e  a c c e s s i b i l i t i e s  o f  
t h e  v e r t i c e s  o f  th e  n e tw o rk .  S i m i l a r l y ,  mean AN i n d i c a t e s  th e  
g e n e r a l  l e v e l  o f  a c c e s s i b i l i t y  p ro v id e d  by th e  n e tw o rk .
2 .1 1  The Sh im bel I n d e x
T h is  m easure  i n d i c a t e s  th e  number o f  ed g es  n e e d ed  t o  c o n n e c t  
any v e r t e x  w i th  a l l  t h e  o t h e r  v e r t i c e s  i n  t h e  n e tw o rk  by th e  
s h o r t e s t  p a t h .  The mean Shim bel i n d e x  (A i)  shows th e  a v e rag e  
n o d a l  a c c e s s i b i l i t y  o f  t h e  n e tw o rk .  The v a l u e s  o f  t h i s  in d e x  
a r e  u s e d  t o  c o n s t r u c t  an i s o p l e t h  map o f  th e  p a t t e r n  o f  
a c c e s s i b i l i t y .  The low v a lu e s  on t h i s  i n d e x  s u g g e s t  a h ig h  
l e v e l  o f  a c c e s s i b i l i t y ,
2 .1 2  In d e x  o f  t o p o l o g i c a l  c i r c u i t y  ( I t c )
T h is  i n d e x  i s  u s e d  t o  s t a n d a r d i s e  th e  a c c e s s i b i l i t y  o f  th e  
v e r t i c e s  t o  d e r i v e  c o m p a r a b i l i t y  be tw een  th e  r e g i o n s  ( s e e  t e x t ) .  
I t  i s  e x p r e s s e d  a s :
I t c  = A1l t c  ------------  X 100
Ai min
Ai = Mean A c c e s s i b i l i t y  Ai min = n -1
FOOT NOTES
I n  t h i s  s e c t i o n  o n ly  a b r i e f  i n t r o d u c t i o n  i s  g i v e n .  F o r  f u r t h e r  
s tu d y  o f  t r a n s p o r t a t i o n  n e tw o rk s  th e  r e a d e r  i s  r e f e r r e d  t o  th e  
advanced  w orks o f  H a g g e t t  (1 9 6 5 ) ,  H a g g e t t  ( 1 9 6 9 ) ,  Kansky (1963) 
and T a a f f e  ( 1 9 7 3 ) ,
I n  o t h e r  words t h e  v e r t i c e s  can  be d e f in e d  a s  th e  p o i n t s  upon which 
movements a r e  f o c u s e d .  I n  th e  s t r i c t  s e n se  a v e r t e x  i s  form ed by 
any j u n c t i o n  o f  edges  on th e  netw ork^ ( H a g g e t t  1 9 6 9 ) .  T a a f f e  (1973) 
a d v is e  t h e  u s e  o f  u r b a n  c e n t r e s  as v e r t i c e s  i n  t h e  t o p o l o g i c a l  
a n a l y s i s  o f  th e  r e g i o n ,  b e c au se  t h e s e  a re  t h e  f o c i  o f  t h e  t r a n s p o r t  
sy s tem  and can  be g rouped  h i e r a r c h i c a l l y  a c c o r d in g  t o  s i z e  and 
f u n c t i o n .  I n  th e  a n a l y s i s  o f  t h e  Pan jab  th e  d e f i n i t i o n  o f  town as 
v e r t e x  i s  u s e d  f o r  n o d a l  a c c e s s i b i l i t y ,  w h e reas  f o r  c o n n e c t i v i t y  a l l  
t h e  d e f i n i t i o n s  a re  u s e d  a t  d i f f e r e n t  l e v e l s  ( s e e  t e x t ) .
I n  th e  s tu d y  o f  n e tw o rk s  by o t h e r  w r i t e r s  t h e  d e f i n i t i o n  o f  th e  edges 
h a s  v a r i e d .  For example G a r r i s o n  and M arble (1961 )  u s e d  n a t i o n a l  
h ighw ays and r a i l w a y s  as  edges  and Kansky (1963 )  u s e d  n a t i o n a l  
r a i l w a y  n e tw o rk s  f o r  t h e  a n a l y s i s .  I n  t h i s  c a s e  ( o f  t h e  P a n ja b )  
b o th  t h e  n e tw o rk s  have  been  c o n s id e r e d  s e p a r a t e l y  a t  d i f f e r e n t  s c a l e s .  
Because o f  t h e  v a r i e d  c l a s s i f i c a t i o n s  o f  th e  r o a d s ,  o n ly  th e  r o a d s  
u n d e r  t h e  P a n jab  Works D epartm ent (PWD) a re  c o n s i d e r e d .
Both ' e t a '  and ' t h e t a *  i n d i c e s  a r e  m o s t ly  b a s e d  on r o u t e  l e n g t h .
The w id th  o f  t h e  r o a d s  ( r o u t e )  v a r i e s  i n  t h e  r e g i o n ,  t h e  v a lu e s  o f  
t h e s e  i n d i c e s  have  been  computed f o r  bo th  A c tu a l  l e n g t h  and 
E q u iv a le n t  l e n g t h  (b a s e d  on l O f e e t  as s t a n d a r d i s e d  w i d t h ) .
A p p e n d ix  &
Simple Correlations
1 . P a n j a b  L e v e l
v /j / t (X J (X T f i t P U . L &
1,Total Population .947 . 50 7 . 9 56 . 863 .935 .864 .930 .973 . 9 52 .894
2,Urban Population .023 .462 , 8G5 . 693 .807 . 692 .801 . 892 .830 . 749
1 .%  Of U.Pop. .611 . 392 . 6 8 6 .440 593 .427 . 577 ,723 .617 . 523
4 . U. Pop . in > 20, 000 . 772 .404 . 819 . 644 758 . 641 . 750 .851 . 783 . 6 8 8
B.U.Poo.in < 20,000 .9 53 . 652 . 977 .251 .934 .828 .857 . 986 . 939 .923
5,U,Pop,in class A . 746 . 403 . 793 . 589 738 . 588 .717 . 833 ,756 .659
7. U.Pop.in class B . 174 -.219 -.257 .094 - 182 . 103 -.116 -.318 -.173 -.088
B.U.Pon.in class C .496 . 333 . 580 . 308 480 , 294 ,459 . 620 . 500 . 403
9.1),Pop.in class 0 ,9 50 . 58 5 .918 ,916 947 .919 . 940 . 929 , 305 .956
10,U .Pop.in class E .956 .621 . 980 . 8 6 8 .93 3 .854 . 943 . 984 . 949 .922
1 1 .U.Pop.in class F . 397 . 460 . 493 ,179 .374 . 142 .359 . 505 . 371 .341
12.Urban Centres .751 , 543 .816 . 591 .727 .569 . 723 . 033 .742 . 689
13.U. Can. i n < 20,000 . 79 3 . 627 ,861 . 645 761 , 614 . 768 . 8 6 6 .776 . 747
lA.U.Cen,in > 2 0 , 0 0 0 . 593 .291 .650 .415 .590 .416 . 562 . 696 . 605 .492
IB.Route Density(T .P }* . 949 , 437 .887 .956 .958 .977 .959 .892 .9 50 .94 5
16.Route Density(U.P) . 771 . 340 . 673 .854 .702 ,076 . 796 . 663 . 775 . 0 0 R
.1881-1971 
1 ,Total Ponulation . 661 , 347 .581 . 483 437 . 506 . 59 9 .659 . 673 .618
2.Urban Population . 501 . 292 .494 . 396 .342 .420 . 514 . 588 . 594 . 539
9 , e; of U , P o d . . 647 . 369 . 606 .465 .456 .478 . 589 . 682 . 442 . 590
4.U .Pop.in > 2 0 , 0 0 0 . 562 , 273 . 469 .375 .317 .401 .493 . 565 . 574 . 53?
5.U .Pop.in<. 20,000 .677 . 392 . 623 . 051 .479 . 518 . 604 . 698 . 60 4 . 628
O.U.Pop.in Class A . 563 . 273 . 468 .372 .315 . 399 .492 . 566 . 576 . 52?
7.U.Pop.in class B .441 . 176 .3 45 . 342 . 0 2 1 . 507 , 39 2 . 410 . 453 . 423
B.U.Pon.in class 0 . 584 .307 . 511 , 387 .354 .408 . 516 . 603 . 596 , 535
9.U.Pop.in class D . 570 . 285 . 478 .378 .326 .413 . 501 . 572 . 584 . 532
10.U.Pop.in class E . 724 . 517 , 784 .320 552 . 632 .718 .785 ,726 . 670
1 1 .U.Pop,in class F . 4 74 . 48 5 . 594 .368 531 . 330 . 473 , 569 . 460 .416
12.Urban Centres . 690 ,416 .617 . 513 508 . 522 . 636 , 725 . 699 . 635
13,U ,Cen.in .£ 2 0 , 0 0 0 . 726 . 525 . 718 . 564 579 . 564 . 680 , 772 . 731 . 6 6 8
1 <1. U . Ce n . i n >20,000 . 500 . 288 ,4 98 . 387 34 5 . 411 . 512 . 592 . 589 , 533
lB.Poute Density(T.P)* . 230 .138 . 104 .413 .422 .415 . 299 .158 . 221 . 286
16,Route Density{U.P) - . 174 -.117 193 .039 . 0 0 1 .043 -.107 -.268 -.185 -.092
2.Division Level
U.Lcnnth Average
r P. r R r H r R
1H81-19 31
l.Rawalnindi 1 . 1 Total Pop. . 683 46. 64 .853 72.76 .783 61.31 .733 53.73
1 . 2 Urban Pop. .620 38 . 44 .853 72.76 . 694 48. 16 . 75? 56,55
1 . 3 % o f U , Pop. . 548 30.03 .808 65.29 . 601 36.12 .652 42 . 51
1. 4 Urban Centres -.060 0.36 .307 9.42 . 029 0.09 . 092 0.81
2 . Sa  r t?odha 2 . 1 Total Pop. .926 85. 74 . 943 88.92 .994 90.80 .954 91,01
2 . 2 U r b a n  P o d . .967 93 . 51 .994 98.00 . 907 02.26 . 9 56 91.39
2 . 3 % of U ,Pop. . 543 29.48 , 559 31.25 .416 17. 30 . 506 25.60
2 . 4 Urban Centres .994 98 . 80 .975 95. 06 .919 84 .46 .9 63 9? . 67
3 . I,a h o  r  e 3 . 1 Total Pop. .817 66 , 74 . 075 76 . 56 . 909 82.63 , 867 75.17
3 . 2 Urban Pop. .772 59 . 60 .928 8 6 , 1 2 .088 78.85 .863 74 . AH
3 . 3 7, of U , Pop. . 786 G1 . 78 . 9 36 87, 60 . 8 8 5 78 . 32 .869 75.51
3 . 4 Urban Centres . 586 34.34 .742 52. 41 . 657 43.16 .662 43.73
4.Vultan 4 . 1 Total Pop, .897 80. 46 . 8 8  5 78.32 .394 79 . 92 .892 79 ,75
4 . 2 Urban Pop. . 792 6 2.73 . 796 63.36 . 794 63 . 04 .794 63. 04
4 . 3 7. of U . Pop . -.600 36 . 00 -.508 25,80 -. 571 32 , 60 -.560 31.32
4 . 4 Urban Centres .754 56.85 . 702 49. 28 .730 53 , 29 . 7 29 53.0 9
5 . n a h a wa In u r 5. 1 Total Pop. . 901 81. 18 .948 89 .87 . 915 83 . 72 . 921 84 , 82
5,2 Urban Pop. . 438 19. 18 , 464 21.53 . 520 27.04 .474 22 . 46
5.3 % of U .Pop -.706 49 .84 -.707 49 . 84 -.647 41.86 - . 6 8  7 47.15
5.4 Urban Centr es . 525 27 . 56 . 53 7 23.84 . 556 30.91 , 539 29,09
2.1881— 1971
1 . Rawalpindi 1 .1 Total Pop. . 389 15.13 . 516 26.62 .474 22 . 47 . 460 21.16
1 . 2 Urban Pop. , 340 11. 56 . 516 26.62 .417 17.39 ,424 17 . 98
1 . 3 54 of U.Pop. .401 16. 08 .607 36.84 ,487 23 . 72 .498 24,83
1.4 Urban Centres . 306 9 . 36 . 533 28. 41 , 398 15.04 .412 17.00
2. Sarsodha 2 . 1 Total Pop. .723 52. 27 .764 58 . 37 . 709 50 . 27 .753 56.70
2 . 2 Urban Pop. . 591 34.93 .627 39.31 . 548 30.03 . 587 34 . 46
2 . 3 54 o f U . Pop , .671 45.02 . 710 50. 41 , 607 36 . 8 6 . 663 43.96
2.4 Urban Centres ,867 75.17 .885 76.32 .816 6 6 . 58 . 0 56 73. 27
3 , Lahore 3 . 1 To ta1 Pop, . 568 32. 26 . 691 47.75 . 649 42.12 . 636 40.45
3 . 2 Urban Pop. . 544 29 . 59 . 680 46.24 , 628 39.44 .617 38 . 07
3.3 % of U.Pop. . 690 47 . 61 .840 70. 56 . 784 61 , 46 .771 59 . 50
3 . 4 Urban Centres . 571 3 2.60 . 720 51 .04 . 6  58 43.30 , 6  50 4? . ?0
A . v u 11 a n 4, 1 Total Pop, . 597 35.64 . 561 31.47 , 768 58 .98 . 64? 41 . 22
4 , 2 Urban Pop. . 488 23.81 .449 2 0 . 16 . 68 5 46.9? . 541 29 , ?6
4 . 3 % of U ,Pop. . 364 13 . 24 . 348 1 2 . 1 1 . 540 29 . 16 .416 17.32
4 . 4 Urban Centres .654 42.77 , 624 38 . 93 . 749 56. 10 . 676 45,65
5 , Ha haws]n ur 5. 1 Total Pop, . 595 35.40 . 704 49. 56 . 599 35.88 . 63 3 40. UC
5 . 2 Urban Pop-, . 483 23 . 33 . 592 35.04 . 407 23 . 72 . 521 27.14
5. 3 % of U.Pop. . 403 23.33 ,622 38.69 . 492 24. 21 , 532 2d . 33
5.4 Urban Centres . 639 40,83 .780 60. 84 . 644 41.47 . 6 8 8 47.28
A p p e n d i x  C
2 6 2
1 . Topologica1 Accessibility Matrix of Major Towns ( 50 , (J00+) 1971
1 , R a w a l p  i  n d i +
2 . Wah C a n t t . 1 +
3 .  J h e l u m 1 2 +
4 , G u j r a t 2 2 1 +
5 , S a r g o d h a 1 1 1 1 +
6 , J h a n g 1 1 2 2. 1 +
7 .  C h i n i o t 2 2 3 2 1 1 +
8 . L y a l l p u r 2 2 3 2 2 1 1 +
9 . Ka r na l  i  a 2 2 3 3 2 1 2 1 +
1 0 ,  L a h o r e 3 3 3 2 3 2 2 1 2 +
11 . K a s u r 3 3 4 3 3 2 2 1 2 1 +
1 2 . S i a l k o t 3 3 2 1 2 3 3 2 3 1 2 +
1 3 . G u j r a n w a l a 3 3 2 1 2 3 2 2 3 2 3 1 +
1 4 . K a r a o k e 4 4 3 2 3 3 3 2 3 1 2 2 1 +
1 5 . Ha f i  z a b a d 3 3 2 1- 2 2 1 1 2 2 2 2 1 2 +
1 6 . S h e i k h u p u r a 3 3 3 2 3 2 2 1 2 1 2 2 1 1 1 +
1 7 . M u l t a n 1 1 2. 2 1 1 2 2 2 3 2 3 3 4 3 3 +
1 8 . K h a n e w a l 2 2 3' 3 2 1 2 2 1 3 2 4 4 4 3 3 1 +
1 9 . B u r e w a l a 3 3 4 4 3 2 3 2 2 2 1 3 3 3 3 3 1 1 +
2 0 . S a h i w a l 3 3 4 3 3 2 2 1 1 2 2 3 3 3 2 2 2 1 1 +
2 1 . O k a r a 3 3 4 3 3 2 2 1 2 1 1 2 2 2 2 2 2 2 1 1 +
2 2 . D e r a  G h a z i k h a n l 1 2 2 1 1 2 2 2 3 3 3 3 4 3 3 1 2 2 3 3 +
2 3 . B a h a w a l p u r 2 2 3 3 2 2 3 3 2 3 2 4 4 4 4 4 1 1 1 2 2 2
2 4 , R a h i m y a r k h a n 2 2 3 3 2 2 3 3 3 4 3 4 4 5 4 4 1 2 2 3 3 1
T-i CM O) o in o O CO o tH 00 in r-l CO rl m CM crs oT o t a l s . in in in in 'T *5 'j 'T in in in if, co in in m in m in
2 .Accessibility Scores o r  Major Towns on different Indices (1971),
Ranks Rail Acc . Roac! Acc. Distance FIow Capacity R a nk s 
-
1 . Sareodha Lyallpur Sheikhupura Kamoke
2 . Khanewal Jhang Lyallpur Gujranwala 2
3 . kultan Multan Chiniot Lahore 3
4 , Chinio t Sargodha Lahore Sheikhupura 4
5. Lva1lpur Chiniot Jhang Gujrat 5
g , Sheikhupura Kamalia Kamok e Lyallpur 5
7 . llafizabad Okara Gujranwala 0 k ara 7
8 . B Urewa1a Lahore Okara Sahiwal 8
o  t Gujrat 0 . G.Khan Sahiwa1 Jhelum 9
10 , Jhanr G u j r a t Kasur Kamalia l o
1 1 , Bahawalpur Rawalpindi Sargodha Rawalpindi 11
1 2 , K a ina 1 i a lla f i znbad Kamalia Kasur 1 2
1 3 , Rawalpindi Khanewal Ha fi zabad Wah Cantt. 19
14 , Lahore Kasur Burewala Chiniot 14
1 5, 3 i a 1 k o t Sahiwal Sialkot Sialkot lb
1 0 , V a h Cantt. Wah Cantt, Gujrat Khanewal 16
17 , D.G.Khan Sheikhupura Khanewal Multan 17
1 = ■ , Kasur Burewala Jhelum llafizabad 1 -i
19 Jhelum Guj ranwala Multan Jhang 19
20 Sahiwal Bahawalpu Bahawalpur Sargodha 20
21 Gujranwala Sialkot liawR lp i ud i Burewala 21
2 ? 0 k a r n Jhelum D.G.Khan Bahawalpur 22
29 Kamoke Rahim Yarkhan Wall Cantt. D.G.Khan 29
2 4 RahimYarkhan Kamoke Rahim Yarkhan Rahim Yarkhan 24
2 6 3
A p p e n d ix  D
Psnjab level metricated accessibility matrix of 
major towns 1971,
1 2 3 4 5 6 7 8 9 10 11 12
1 . R a w a l p i n d i X
2 . Wa h C a n t t . 3 9 . 1 X
3 . J h e l u m 8 . 6 6 ,. 8 X
4 . G u j  r a t 6 . 2 5, , 2 2 7 . 9 X
5 .  S a r g o d h a 0 . 7 0, . 6 0 . 9 0 . 8 X
S . J  h a  n t? 0 .  5 0 ,. 5 0 . 6 0 . 5 2 . 4  x
7 . C h i n i o t 0 ,  5 0, . 5 0 . 7 0 , 6 1 6 . 4  2 . 4 X
G . L v a 1 l p u r 2 . 0 1, . 3 2 .  7 2 . 4 9 . 3  1 1 . 1 2 3 . 8 X
9 . K a m a l i a 1 . 5 1 . 4 1 . 9 1 . 7 4 . 2  3 . 8 5 . 8 9 . 0 X
1 0 . L a h o r e 3 . 8 3 . 4 8 . 6 1 4 , 3 1 , 6  3 . 9 2 . 3 1 0 . 0 2 . 9 X
1 1 . K a s u r 2 . 5 2 . 3 4 . 0 5 . 3 1 . 3  3 . 1 1 . 7 7 . 3 2 . 4 1 7 . 5 X
1 2 . S i a l k o t 1 . 6 1 . 4 3 . 6 7 . 0 0 . 8  2 . 6 1 . 0 3 . 1 2 . 1 5 . 5 4 , 0 X
1 S . Gu . i  r a n w a l a 4 , 9 4 . 3 1 4 . 6 3 5 .  3 1 . 0  3 . 5 1 . 4 4 . 3 2 . 6 2 0 . 4 7 . 4 1 3 . 6
1 4 . K a m o k e 4 . 5 4 , 0 1 2 . 0 2 4 . 6 0 . 9  3 . 4 1 . 2 5 . 3 2 . 9 4 0 .  4 8 . 9 9 . 5
1 5 . M a r i z a h a c ) 1 . 4 1 n 2 . 7 4 . 2 1 . 2  1 . 2 1 . 8 1 . 7 0 . 9 3 . 4 2 . 3 4 . 3
1 6 . S h e i k h u p u r a 2 . 5 2 . 2 4 . 6 7 . 0 2 . 1  4 . 7 3 .  1 1 3 , 6 4 . 7 4 5 . 5 1 0 . 0 7 . 0
1 7 . M u l t a n 1 . 1 1 . 0 1 .  3 1 . 5 1 . 0  2 . 1 1 . 2 2 . 9 4 . 2 2 .  1 0 . 9 1 . 4
l G . K h a n e w a l 1 . 1 1 . 1 1 .  5 1 .  7 1 . 2  2 . 6 1 . 3 3 . 6 £V9P"  2 . 3 1 . 0 1 . 6
1 o , U u r e w a l a o.a 0 . 8 1 . 1 1 . 2 1 . 7  3 . 1 2 . 1 2 . 5 6 . 2 1 . 9 1 . 4 1 . 2
2 0 . S a h i w a l 2 , 2 2 . 0 3 . 1 3 . 7 3 . 1  2 . 2 3 . 9 4 . 7 1 3 . 1 6 . 3 1 . 3 2 . 3
21 . O k a r a 2 . 7 2 . 4 3 . 9 4 . 8 3 . 2  2 . 4 4 . 7 5 . 0 8 . 3 9 . 7 2 . 3 2 . 6
? 2 . D e r a  G h a z i k h a n  0 . 3 0 . 3 0 . 4 0 . 4 0 . 7  1 . 3 0 . 8 0 . 8 1 .  1 0 .  5 0 . 7 0 . 4
2 3 . B a h a w a l n u r 0 . 9 0 . 9 1 . 1 1 . 3 0 . 8  1 . 3 0 . 9 2 . 0 2 . 6 1 . 6 0 . 7 1 . 3
2 4 . R a h i m  Y a r k h a n  0 . 4 0 . 3 0 . 4 0 . 5 0 . 6  0 . 9 0 . 6 ‘0 . 7 0 . 9 0  . 5 0 . 5 0 . 5
Cl in o H in ro so to .H ti- m ro.
T o t a l O
X
m
CO CO <-i 
H ’
CD
IT)H
10 o  in to tor-
C\
CM
r-l
oCl to•a
CV
Olro COr.
13 1 4 1 5 . -  16 1 7  1 8  19  2 0  21 2 2  2 3  2 4
1 4 .  1 0 0 . 2 X
1 5 ,  0 . 4 6 . 2 X
1 6 .  1 3 . 0  2 0 . 6 7 . 6 X
1 7 .  1 . 7 1 . 8 1 . 6  1 . 3 X
I B .  1 . 0 2 . 0 1 . 9  2 . 4 16 . 3 X
1 9 .  1 . 5 1 . 6 1 . 3  1 . 7 3 . 5 5 . 1 X
ro O 4 . 8 2 . 6  5 . 1 4 . 1  5 . 7  6 . 7  x
2 1 .  5 . 0 6 . 6 3 . 0  7 . 1 3 . 3  4 . 4  4 . 3  2 8 . 0 X
2 2 .  0 . 4 0 . 5 0 . 4  0 . 5 2 . 2  1 . 5 1 . 0  0 . 8  0 . 7 X
2 3 .  1 . 4 1 . 4 1 . 3  1 . 6 8 . 3  5 . 6  2 . 0  3 . 0  2 . 3  1 . l X
2 4 .  0 . 5 0 . 5 0 . 5  0 . 5 1 . 4 0 . 9 0 . 9  0 . 0  0 . 7  0 . 8  1 . 7 X
to CO v O' f. to 10 'J CO CD cn
T o t a l
toc\
CO
13
tV
tv
to 03 tD 
1—1
IDto COr- r> v  in .a CGH—t
•H
in
a
IT,
r-t
A p p e n d ix  E
R a i l w a y  a c c e s s i b i l i t y  m a t r i x
2 6 4
■ - i c M n ' i i f l i o r ' - a j m O ' - t w w ^ i n i o t ' . c o m o r - i c v i c o ^ r i f i  id -jo o;
— I r *  .H .H r-t__rH _ r-1 C\J CM (V (M (V _ >\l CM _CM C\j___________C\J
1»RAWAL PINDI + _       _ _■________________ __
2 .WAH CANTT . 1 _ + __________________________________________ ___________  ____ __ _ _____
3.GUJAR KHAN 1 . 2 . + ..    _ _ _ __    _  __ __
4 . CAMPBELL PUR 1 1 2 + _  ____________________________________
5. JHELUM 2 3 1 3 +   ___ _ _ _ _ _
6 .CHAKWAL 1 2 1 2  2 +
7.GUJRAT 5 6 4 6 3 5 +  _ ____
8 . JALALPUR - - - - - - - +
9.KHARIAN 3 4 2 4 1 3 2 -  +
10.LALAMUSA 4 5 3 5 2 4 1 -  1 +
ll.M.BAHA UD DIN 5 6 4 6 3 5. 2 - 2 1 +
12.SARGODHA 6 7 5 6 4 6 3 _ 3 2 1 +
13.BHERA 6 7 5 6 4 6 3 - 3 2 1 1 +
14.KHUSHA3 5 6 5 5 4 6 3 - 3 2 1 1 1 ■+
15.MITHA TIWANA 4 5 6 4 5 5 4 - 4 3 2 2 2 1 +
16.MIAN WALI 2 3 3 2 4 3 6 - 5 5 4 4 4 3 2 +
17.DAUD KHEL 1 2 2 1 3 2 6 - 4 5 5 5 5 4 3 1 +
18.KUNDIAN 3 4 4 3 5 4 5 - 5 4 3 3 3 2 1 1 2 +
19 .BHAKKAR 4 5 5 4 6 5 6 - 6 5 4 4 4 3 2 2 3 1 +
20 .JHANG 7 8 6 7 5 7 4 - 4 3 2 1 2 2 3 5 6 4 5 +
2 1 .CHINIOT 7 8 6 7 5 7 3 - 4 3 2 1 2 2 3 5 6 4 5 2 +
22.SH0R KOT 8 9 7 8 6 8 5 - 5 4 3 2 3 3 4 6 7 5 6 1 3 +
23.LYALL PUR 8 9 7 8 6 8 3 - 5 4 3 2 3 3 4 6 7 5 6 3 1 3 +
24 .JA RAN WALA 1 0 1 1 9 1 0 8 1 0 5 -  7 6 5 4 5 5 6 8 9 7 8 3 3 2 3 +
25.T.TEK SINGH 9 1 0 8 9 7 9 5 - 6 5 4 3 4 4 5 7 8 6 7 2 3 1 2 3 +
26.KAMALIA 9 1 0 8 9 7 9 6 - 6 5 4 3 4 4 5 7 8 6 7 2 4 1
t
4 1 2 +
27.G0JRA 9 1 0 8 9 7 9 4 -  6 5 4 3 4 4 5 7 8 6 7 3 2 2 1 4 1 3 +
28.LAHORE 9 1 0 8 9 7 9 4 - 6 5 6 3 4 4 5 7 8 6 7 4 2 5 2 3 4 4 3 +
29.KASUR 1 0 1 1 9 1 0 8 1 0 5 - 7 6 7 4 5 5 6 8 9 7 8 5 3 6 3 4 5 5 4 1 +
30.BHAI PHERU
31.SIAL KOT 7 a 6 8 5 7 2 - 4 3 4 4 5 5 6 8 9 7 8 5 3 6 3 5 5 6 4 2 3
32.NAROWAL 8 9 7 9 6 8 3 -  5 4 5 4 5 5 6 8 9 7 8 5 3 6 3 4 5 5 4 1 2
33.SHAKA R GARH 9 1 0 8 1 0 7 9 4 - 6 5 6 5 6 6 7 9 1 0 8 9 6 4 7 4 5 6 6 5 2 3
34.DASKA
35.GUJRAN WALA 7 8- 6 8 5 7 2 - 4 3 4 4 5 5 6 8 9 7 8 5 3 6 3 5 5 6 4 2 3
36.KAMOKE 8 9 7 9 6 8 3 - 5 4 5 4 5 5 6 8 9 7 8 5 3 6 3 A 5 5 4 1 2
37.WAZIR ABAD 6 7 5 7 4 6 1 - 3 2 3 3 4 4 5 7 8 6 7 4 2 5 2 4 4 5 3 3 4
38.HAFIZ ABAD 7 8 6 8 5 7 2 - 4 3 3 2 3 3 4 6 7 5 6 3 1 4 1 3 3 4 2 2 3
3 9 .SHEIKHUPURA 8 9 7 8 6 8 3 - 5 4 3 2 3 3 4 6 7 5 6 3 1 4 1 2 3 3 2 1 2
40.NANKANA 9 1 0 8 9 7 9 4 - 6 5 4 3 4 4 5 7 8 6 7 4 2 3 2 1 4 2 3 2 3
41.MULTAN 8 9 9 8 8 9 7 - 7 6 5 4 5 5 6 6 7 5 4 3 5 2 5 4 3 3 4 6 6
42 . SHUJA ABAD 8 9 9 8 9 9 8 - 8 7 6 5 6 6 6 6 7 5 4 4 6 3 6 5 4 4 5 7 7
4 3 .KHANEWAL 9 1 0  1 0 9 7 9 6 - 6 5 4 3 4 4 5 7 8 6 5 2 4 1 4 3 2 2 3 5 5
4 4 .MIAN CHANNUN 1 0 1 1 11 10 8 1 0 7 - 7 6 5 4 5 5 6 8 9 7 6 3 5 2 5 4 3 3 4 4 4
45.VEHARI 12 13 13 12 11 13 9 - 1 1 9 8 7 8 8 9 1 0  1 1 9 8 6 7 5 7 7 6 6 7 5 4
46.BUREWALA 13 14 12 13 10 12 8 - 1 0 9 9 7 8 8 9 11 12 1 0 9 7 6 6 6 7 7 7 7 4 3
47.MAILSI 11 1 2 1 2  11 10 1 2 9 - 9 8 7 6 7 7 8 9 10 8 7 5 7 4 7 6 5 5 6 6 5
48.KEHROR PACCA 10 11 1 1 10 9 1 1 8 - 8 7 6 5 6 6 7 8 9 7 6 4 6 3 6 5 4 4 5 7 6
4 9.SAHIWAL 11 12 10 1 1 9 11 6 - 8 7 7 5 6 6 7 9 1 0 8 8 5 4 4 4 5 5 5 5 2 2
50.CHICHAWATNI 11 12 11 11 9 11 7 - 8 7 6 5 6 6 7 9 1 0 8 7 4 5 3 5 6 4 4 5 3 3
5 1 .OKARA 1 0 1 1 9 10 8 10 5 - 7 6 7 4 5 5 6 8 9 7 8 5 3 5 3 4 5 5 4 1 1
52.PAKPATTAN 11 12 10 1 1 9 1 1 6 - 8 7 8 5 6 6 7 9 1 0 8 1 0 9 4 7 4 5 6 6 5 2 1
53.ARIF WALA 1 2 13 1112 10 12 7 _ 9 8 9 6 7 7 8 1 0 11 9 10 8 5 7 5 6 7 7 6 3 2
54.MUZAFFAR GARH 7 8 8 7 9 8 8 - 8 7 6 5 6 6 5 5 6 4 3 4 6 3 6 5 4 4 5 7 7
55.LEIAH S 6 6  5 7 6 7 - 7 6  5 5 5 4 3 3  4 2 1 6 6 5 7 7 6  6 7 8 9
A p p e n d i x  E [ C o n t i n u e d )
2 6 5
r-l CM 00 in ID c-- 00 01 o CM to in ID D- Q a-. o t-H (v CO vf in (D r- □c
r*< H H H »-i fH r-l H 1—1 *-■ CV tv tv CM cv Ti tv f\ CV
5 6 . KOT ADDU 6 7 7 6 8 7 8 - 8 7 6 6 7 5 4 4 5 3 2 5 7 4 7 6 5 5 6 3
5 7 . D . G H A Z I  KHAN 7 8  8 7 9 8 9 - 9 8 7 7 8 6 5 5 6 4 3 6 8 5 8 7 6 6 7 9
5 8 . BAHAWAL PUR 9 1 0  1 0 9 8 1 0 7 - 7 6 5 4 5 5 6 7 8 6 5 3 5 2 5 4 3 3 4 6
59  .  AHMAD PUR EAST 1 0  11  1 1  1 0 9 1 1 8 - 8 7 6 5 6 6 7 8 9 7 6 4 6 3 6 5 4 4 5 7
6 0 . BAHAWAL NAGAR 11 12  12 11 1 0  12 9 - 9 8 7 6 7 7 8 9 10 8 7 5 7 4 7 6 5 5 6 8
6 1 .  CHI SHTI AN 10  11 1 1 10 9 11 8 - 8 7 6 5 6 6 7 8 9 7 6 4 6 3 6 5 4 4 5 7
6 2 . H A R 0 0 N  ABAD 1 2 1 3 1 3  1 2 11  1 3 1 0 - 10 9 8 7 8 8 9 1 0 1 1 9 8 6 8 5 8 7 6 6 7 9
6 3 . RAHIM YAR KHAN 12 1 3  1 3  1 2 11 1 3 1 0 - 10 9 8 7 8 8 9 10 1 1 9 8 6 8 5 8 7, 6 6 7 Q
6 4 . KHAN PUR 1 1 1 2 1 2 H  1 0  1 2 9 - 9 8 7 6 7 7 8 9 10 8 7 5 7 4 7 6 5 5 6 8
6 5 . S A D I Q  ABAD 1 3 1 4  1 4 1 3  1 2  1 4  1 1 - 1 1 1 0 9 8 9 g 1 0 11 12  1 0 9 7 9 6 9 8 7 7 fa 1C
fs [S tn cv in CO a. to CO C" cv to x> rl a cv in »H cv cv 30 I'' CD cv
O CO CO to cn in ai CC tv CD o vr m t' t-' t" Cl CO 01 O O
?  in T ■5: to 00 CM cv tv CV to ro to CO cv cv tv cv CO cv CO CO
r - i c \ " ,' ' 7 i n t o r ' a 3 0 ) 0 ' H c v i t Ti ' T i n i o r ' ® o ) O i - t w r n T j i r ; ( o r ' c o c T .
n r  c  c o  t o  t o  w  w  ^  ^ ^ * T ^ n ' 3 , ^ ^ ' ,c f L n t n i n i n i n i n i n i n i n i n o t n t D t D i D
3 2  1  +  ■ _ _  „
33 2 1 +  ;_______________
34 - ; - - + ■__________________________________________  ___  _
35 2 3 4 - +
36 3 2 3 - 1 +________________________ ____________________________
37 1 3 3 - 1 2 +______________________________________________________ ____  _______ __
33 2 3 4 - 2 3 1 +  __
39 3 2 3 - 3 2 2 1 + _____  _______ ___________ ___
40 4 3 4 - 4 3 3 2 1 +  ______ __________________________
41 8 7 8 - 8  7 7  6 6 5  +
42 9 8 9 - 9 8 8  7_7 6 1 +_____ ________________ ____________
43 7 6 7 - 7 6  5 5 5 4 1  2 +
44 6 5 6 - 6 5 7 6 5 5 2  3 1  +
45 7 6  7 - 7 6 8 9 6 7 5  4 4 5  +
46 6 5 6 - 6 5 7  8 5 6 6  5 5 6 1  +
47 8 7 8 - 8 7 9 8 7  7 4 3 3  4 1  2 +
43 9 8 9 - 9 8 8  7 7_ 6 3 2 2 3 2  3__1 + _____
49 4 3  4 — 4 3  5 ^ 4 3 4 4  5 3 2 6  5 6 5 +  _
50 5 4  5 - 5 4  6 5 4  5 3 4 2  1 6 6 5 4 1  +
51 3 2  3 - 3 2 4 3 2 3  5 6 4 3 5 4 6 6 1  2 +
5 2 4 3  4 - 4  3 5 4 3 4 7  7 6  5 3 2 4 5 3  4 2  +
5 3 5 4 5 - 5 4 6  5 4  5 7 6 6  6 2 1 3 4 4  5_3 1 +
54 9 8 9 - 9 8  8 7  7 6  1 1 2 3 5 6 4 3 5 4 6 8 7  +
55.9 10 11 - 9 10 8 7 7 8 3 3 4 5 7 8 6  5 7 6 8  10 9 2  +
56 10 9 10 - 10 9 9 8 8 7 2 2 3 4 6 7 5 4 6 5 7  9 8 1 1  +
57 11 10 11 - 1 1  10 10 9 9 8 3 3 4 5 7 8 6  5 7 6 8 1 0  9 2 2 1 +
58 8 7 8 - 8 7 7 6 6 5 2 1 1 2  3 4 2 1 4 3  5 6 5 2 4 3 4  +
59 9 8 9  - 9 8  8 7 7 6 3 2 2  3 4 5 3 2 5 4 6 7 6 3 5 4 5 1  +
6 0 1 0 9 1 0 - 1 0 9  9 8 8  7 4 3 3  4 5 6  4 3 6  5 7 8 7 4 6  5 6 2 1 +_
61 9 8 9 - 9 8 8 7 7 6 3 2 2  3 4 5 3 2  5 4 6 7 6 3 5 4  5 1 2  1 +
62 1 1 1 0 1 1 -  11 10 1 0 9  9 8 5 4 4  5 6 7  5 4 7  6 8 9  8 5 7  6 7 3  4 1 2 +
6 3 H  10 11 - 11 10 10 9 9 8 5 4 4 5 6 7 5 4 7  6 8 9 8 5 7  6 7 3 2 5 4 6  +
64 io 9 10 - 10 9 9 8 8 7 4  3 3 4 5 6 4  3 6  5 7 8 7  4 6  5 6 2 1  4 3  5 1  +
65 12 11 12 — 12 11 11 10 10 9 6 5 5 6  7 8  6 5 8  7 9 10 9 6 8  7 8 4 3  6 5 7  1 2
i d  t o  oo  r - i o ^ i D i r i N o j o f ' a . n - i m P ' V O t ^ N t ^ o  o i c o o o c q i + o v c v - i c o
i d  m  O  i D i n r o o a i r ^ T H c v i t ^ H M C M o o ' J ' J ' r D J C O O c o o i r i —l O i i n r H i f i t ^ i D O
t o  t o  c o c o c o c n c v c D m c o c v t O M f v f r o r o c o c o c o c o T i e O c o t o r T t v r D ' i c o ' c j ' T ' J 52
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?
2 6 6
A p p e n d ix  F
Road a c c e s s i b i l i t y  m a t r i x  1 9 7 1 .
H CM n in 3 O -i CMH H
r;
rH -c 33H •H
o
CM CM
CM
CM
cr
CM
*T
CM
in
CM
<£>
CM
r*
CM CM
1 * R A W A L PINDI
' • ~--
2.WAH CANTT. 1 -f __ I
3.GUJAR KHAN 1 2 +
4.CAMPBELL PUR 2 1 3 +
5. JHELUM 2 3 1 4 ♦
6 .CHAKWAL 1 2 1 1 1 ♦
7.GUJHAT 4 5 3 4 2 3 +
8 . JALALPUR 5 6 4 5 3 4 1 +
9.KHARIAN 3 4 2 3 1 2 2 3 +
10.LALAMUSA 4 5 3 4 2 3 1 2 1 ♦
ll.M.BAHA UD DIN 3 4 2 3 1 2 1 2 1 2 ♦
12.SARGODHA 2 2 3 2 2 2 2 3 2 3 1 ♦
13. BHERA 3 3 4 3 3 3 3 4 3 4 2 1 ♦
14.KHUSHAB 1 1 2 1 2 1 3 4 3 4 2 1 2 ♦
15.MITHA TIWANA 2 2 3 2 3 2 4 5 4 5 3 2 3 1 ■f
16.MIAN WA LI 1 1 2 1 2 1 4 5 3 4 3 2 3 1 1 ♦
17.DAUD KIIEL 2 2 3 2 3 2 5 6 4 5 4 3 4 2 2 1 +
18.KUNDIAN 2 2 3 2 3 2 5 6 4 5 3 2 3 1 1 1 2 +
19 .BHAKKAR 3 3 4 3 4 3 4 5 4 5 3 2 3 2 1 2 3 1 ■f
20.JHANG 2 2 3 2 3 2 3 4 3 4 2 1 2 1 1 2 3 2 1 +
21 .CHINIOT 3 3 4 3 3 3 3 4 3 4 2 1 2 2 2 3 4 3 2 1 ♦
22.SH0R KOT 3 3 4 3 4 3 4 5 4 5 3 2 3 2 2 3 4 3 2 1 2 +
23.LYALL PUR 3 3 4 3 4 3 4 5 4 5 3 2 3 2 2 3 4 3 2 1 1 2 +
24.JARAN WALA A 4 5 4 5 4 5 6 5 6 4 3 4 3 3 4 5 4 3 2 1 3 1 +
25.T.TEK SINGH 3 3 4 3 4 3 4 5 4 5 3 2 3 2 2 3 4 3 2 1 2 2 2 2 +
26.KAMALIA A 4 5 4 5 4 5 6 5 6 4 3 4 3 3 4 5 4 3 2 3 3 3 3 1 +
27.G0JRA 3 3 4 3 4 3 4 5 4 5 3 2 3 2 2 3 4 3 2 1 2 2 2 2 2 3 +
2 8 . LAHORE 5 5 6 5 5 5 4 5 4 5 4 3 4 4 4 5 6 5 4 3 2 4 2 2 4 5 3 ♦
29.KASUR 6 5 7 6 6 6 5 6 6 6 5 4 5 5 5 6 7 6 5 4 3 5 3 2 5 5 4 1
30.BHAI PHERU 5 6 6 5 5 5 5 6 5 6 4 4 5 4 4 5 C 5 4 3 2 4 2 1 4 4 3 1
31.SIAL KOT 6 6 5 6 4 6 2 3 4 3 3 4 5 5 5 6 7 6 6 5 £ 6 4 4 6 7 5 2
32 . NA ROWA L 7 7 6 7 5 7 3 4 5 4 4 5 6 6 7 7 8 7 5 - _ 3 5 3 3 5 6 4 1
33.SHAKAR GARH 7 7 6 7 5 7 3 4 5 4 4 5 6 6 7 7 8 7 6 5 4 6 4 4 6 7 5 2
34.DAS KA 6 6 5 6 4 6 2 3 4 3 3 4 5 5 5 6 7 6 5 4 3 5 3 3 5 6 4 3
35.GUJRAN WALA 5 5 5 5 4 5 2 3 4 3 3 3 4 A 4 5 6 5 4 3 2 4 2 2 4 5 3 2
36.KAMOKE 5 5 6 5 5 5 3 4 5 4 4 3 4 4 4 S 6 5 4 3 2 4 2 2 A 5 3 1
37.WAZIR ABAD 5 5 4 5 3 5 1 2 3 2 2 4 5 5 5 6 7 6 5 4 3 5 3 3 5 6 4 4
38.HAFIZ ABAD 4 4 5 4 4 4 2 3 4 3 3 2 3 3 3 4 8 4 3 2 1 3 2 2 3 4 3 3
3 9 . SHEIKHUPURA 4 4 5 4 5 4 3 4 4 4 4 2 3 3 3 4 5 4 3 2 1 3 1 1 3 4 2 1
40.NANKANA \ 5 5 6 5 5 5 4 5 5 5 5 3 4 4 4 5 6 5 4 3 2 4 2 1 4 5 3 1
41.MULTAN 4 4 5 4 5 4 5 6 5 6 4 3 4 3 3 4 6 4 3 2 3 1 3 4 3 4 3 5
42.SHUJA ABAD 5 5 6 5 6 5 6 7 6 7 5 4 5 4 4 5 6 5 4 3 4 2 4 5 4 5 4 6
43.KHANEWAL A 5 5 4 5 4 5 6 5 6 4 3 4 3 3 4 5 4 3 2 3 1 3 4 3 3 3 5
44.MI AN CHANNUN A 4 5 4 5 4 5 6 5 6 4 3 4 3 3 4 5 4 3 2 3 1 3 4 3 2 3 5
45.VEHARI 5 5 6 5 6 5 5 6 6 6 5 4 5 4 4 5 6 5 4 3 4 2 4 5 3 3 4 5
46.BUREWALA 5 5 6 5 6 5 5 6 6 6 5 4 5 4 4 5 6 5 4 3 4 2 4
- 2 2 4 4
47.MAI LSI
L
5 6 5 6 5 6 7 6 7 5 4 5 4 4 5 6 5 4 3 4 2 4 5 3 4 4 6
48 . KEHROR PACCA 5 5 6 5 6 5 6 7 6 7 5 4 5 4 4 5 6 5 4 3 4 2 4 5 4 5 4 6
49.SAHIWAL 5 5 6 5 6 5 5 6 5 6 4 3 4 3 3 4 5 4 3 3 3 3 2 2 3 2 2 3
50.CHICHAWATNI 5 5 6 5 6 5 5 6 5 6 4 3 4 3 3 4 5 4 3 3 3 2 1 3 2 1 3 4
51.OKARA 4 4 5 4 5 4 5 6 5 6 4 3 4 3 3 4 5 4 3 2 2 3 1 1 3 3 1 2
52.PAKPATTAN 5 5 6 5 6 5 6 7 6 7 5 4 5 4 4 5 6 5 4 3 3 4 2 2 4 3 2 2
53.ARIF WALA 6 6 7 6 7 6 6 6 6 7 5 4 5 4 4 5 6 5 4 4 4 3 2 3 3 2 3 3
54.MUZAFFA R GARH 3 3 4 3 4 3 4 5 4 5 3 2 3 2 2 3 4 3 2 1 2 2 2 3 2 3 2 4
5 5 . L E I A H  3 3 4 3 4  3 4  5 4 5 3 2 3 2 2 3 4 3 1 1 2 2 2 3 2 3 2 4
ci
cm
♦
1
3
a
3
4
3
2
5
4
2
2
5
6
5
4
5
3
5
5
2
3
2
1
2
5
5
2 6 7
A p p e n d ix  F [ C o n t i n u e d ]
pH CM co if) CD P- cO 01 O pH CM m in (£3 P- CD 01 O H CM fO 11 l/i ID N CO 01
r-l tH .H «H H tH H pH rl rH CM CM CM CM CM CM CM CM CM CM
5 6 , KOT ADDU 3 3 4 3 4 3 4 5 4 5 3 2 3 2 2 3 4 3 2 1 2 2 2 3 2 3 2 4 5
5 7 . D . G H A Z I  KHAN 4 " 4 5 4 5 4 5 6 5 6 4 3 4 3 3 4 5 4 3 2 3 3 3 4 3 4 3 5 6
5 8 . BAHAWAL PUR , 4 4 5 4 5 4 6 7 6 7 5 4 5 4 4 5 6 5 4 3 4 2 4 5 4 4 4 5 4
5 9 . AHMAD PUR E AS t I s ” 5 6 5 6 5 6 7 6 7 5 4 5 4 4 5 6 5 4 3 4 2 4 5 4 4 4 6 5
6 0 , BAHAWAL NAGAR » 6 _ 6 7 6 7 6 7 8 7 8 6 5 6 5 5 6 7 6 5 4 4 4 3 3 6 4 3 3 2
6 1 . C H I S H T I A N  ' 5"* 5 6 5 6 5 7 8 7 8 6 5 6 5 5 6 7 6 4 4 5 3 4 4 5 5 4 4 3
6 2 , HAR00N ABAD [ 6
L._ 6 7 6 7 6 8 9 8 9 7 6 7 6 7 7 8 7 5 5 5 4 4 4 6 5 4 4 3
6 3 , RAHIM YAR KHAN 5 5 6 5 6 5 5 6 5 6 4 3 4 3 3 4 5 4 3 2 3 3 3 4 3 5 3 5 6
6 4 . KHAN PUR 5 5 6 6 6 6 5 6 5 6 4 3 4 3 3 4 5 4 3 2 3 3 3 4 3 5 3 5 6
6 5 . S A D I Q  ABAD 5 5 6 6 6 6 5 6 5 6 4 3 4 3 3 4 5 4 3 2 3 3 3 4 3 5 3 5 6
co 0 CM Cl CO cn cn O Cv in IN P- 0 CM p» 0 P* in cn cn CO rH ai in p' 01 in «T
in 01 in CD O p- iH CM 00 m 0 «“H r-l m r-l CO 00 3) n pH CM in 01 n r-
CM CM CM CM CM CM CM 0 CM CO CM H CM CM CM CM cn CM CM pH r-l pH t—t CM CM CM pH CM CM
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3 3
3 4
3 5
3 6
3 7
3 8
3 9
4 0
4 1
4 2
4 3
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4 5  
4 o
4 7
4 8
4 9
5 0
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5 7
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6 0  
61  
6 2  
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5 4
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O  h  «  n  ij in
cn m cn co co co
2 1 
3 1
4_i  
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2 __3
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A p p e n d ix  G
Division level topological accessibility matrices 
of towns[20,000+)1971.
1.Rawalpindi
1 ljoillili
2 h_C a n 1 1 .
3 X 2  M u r r e e
4 1 2 2 Gu j a r  K h a n
5 2 2 3 3 Camp b e l l p u r
6 2 1 3 3 1 H a s  san__Ab d ajL
7 3 3 4 4 1 2  H a z  r o
8 4 4 5 5 2 3 1 Gu r i j  h a s h  t i
9 1 2 2 2 1 2 2 3 F a t a h _-J ancj
10 2 3 3 3 1 2 2 3 1 P i n r i i _Gh  cb
11 2 3 3 2 2 3 3 4 2 1 T a l a _ Gan  “
12 3 4 4 2 5 5 6 7 4 4 3 J h  e 1 uni_
13 2 3 3 1 4 4 5 6 3 3 2 1
14 1 2 2 1 3 3 4 5 2 2 1 2 1 C h a k w n  _1
15 4 5 5 4 6 6 7 8 5 5 4 5 4 3
16 2 3 3 2 4 4 5 6 3 3 2 3 2 i 2 K h e w r a
17 5 6 6 5 7 7 B 9 6 6 5 G 5 4 1 3 L i l i a  Town
13 6 7 7 5 8 a 9 10 7 7 6 3 4 5 5 5 G G u j r a i
19 7 0 8 6 9 9 1 0 1  1 8 8 7 4 5 6 6 6 7 1 J a l a l p u r
20 7 8 8 6 9 9 10 11 8 8 7 4 5 6 G 6 7 1 2  F u n j a h
21 4 5 5 3 6 G 7 8 5 5 4 1 2 3 5 4 6 2 3 3 K h n r i a n
22 5 6 6 4 7 7 8 9 6 6 5 2 3 4 4 4 5 1 2 2 1 L a l . a _ Vt u a a
23 5 6 6 4 7 7 8 9 6 6 5 3 4 4 3 3 4 2 3 3 2 1 D i n £ £ i h _
24 5 6 6 3 5 5 6 7 4 4 3 4 3 2 1 1 2 4 5 5 4 3 2 ila l a k ;
2 5 4 5 5 4 6 6 7 8 5 5 4 4 4 3 2 2 3 3 4 4 3 2 1 1 V. > «
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Appendix G (Continued) 
2.Sargodha
1 SEJHSEillE
2 1 S i 1 i£nwnii
3  ^  ^ HilEi—2.1
4 2 3 1 Bhera
5 2 3 1 2 :Phu^arwan
6 1 2 2 3 3 K£t_Momi n
7 2 3 1 2 2 1
8 1 1 2 3 3 2 3 Sahiwal
9 1 2 2 1 3 2 3 2 JhaurjL an
10 1 2 2 2 3 2 3 1 1 Khushab
11 3 4 4 4 5 4 5 3 3 2 Hada 3^
12 4 5 5 5 6 5 6 4 4 3 1 Mi. tha _Tiwana
13 2 3 3 3 4 3 4 2 2 1 1 2 Jauharabad
14 4 5 5 5 6 5 6 4 4 3 1 1 2 Mianwali
15 5 5 6 6 7 6 7 5 5 4 2 2 3 1 Daudkhei
16 5 6 6 6 7 6 7 5 5 4 2 2 3 1 1 ]Moch
17 5 6 6 6 7 6 7 5 5 4 2 2 3 1 2 2 Miasakli ei
18 4 5 5 5 6 5 6 4 4 3 1 1 2 1 2 2 2 Kundian
19 3 4 4 4 5 4 5 4 3 2 2 1 1 2 3 3 3 1 Pi£l n n
20 7 0 8 8 9 8 9 7 7 6 4 4 5 3 2 3 3 4 5 I sakha1
21 6 7 7 7 •3 7 8 6 6 5 3 3 4 2 1 2 2 3 4 1 Kai£ba£l 1^
22 3 3 4 5 5 4 5 2 4 3 3 2 2 3 4 4 4 3 2 6 5 Bhakkar
23 3 4 4 4 5 4 5 4 3 2 2 1 1 2 3 3 3 2 1 5 4
24 2 2 3 4 4 3 4 1 3 2 3 2 1 3 4 4 4 3 2 6 5 1 2 Jha
25 3 3
4 5 5 4 5 2 4 3 3 4 2 4 5 5 5 4 3 7 - 2 3 1 Chiniot
26 2 2 .3 4 4 3 4 3 3 3 4 5 3 5 6 6 6 5 4 8 7 3 4 2 1 Rabwah
27 1 1 2 3 3 2 3 2 2 2 4 5 3 4 5 5 5 5 4 7 6 4 3 2 i l aliian
28 3 3 4 5 5 4 5 2 4 3 3 4 2 4 5 5 5 4 3 7 6 2 3 1 2 3 4 Shorkot
29 3
3 4 5 5 4 5 2 4 3 3 4 2 4 5 5 5 4 3 7 6 2 3 1 2 3 4 1 Ahijad£ur
30 3
3 4 5 5 4 5 2 5 3 3 4 2 4 5 5 5 5 3 7 6 2 3 1 1 2 3  ^ ^ iiEiiEEE
31 4 4 5 6 6 5 6 3 5 4 4 5 3 5 6 6 6 5 4 8 7 3 4 2 1 2 3 3 3 1 EE
32 4 4 5 6 6 5 6 3 5 4 4 5 3 5 6 6 6 5 4 8 7 3 4 2 2 3 4 3 3 1 1 J aranwala
33 4
4 5 6 6 5 6 3 5 4 4 5 3 5 6 6 6 5 4 8 7 3 4 2 2 3 4 3 3 1 2 2 Esamundari
34 4 4 5 6 6 5 6 3 5 4 4 5 3 5 6 6 6 5 4 8 7 3 4 2 2 3 4 3 3 1 2  1 1  Tandiianwaln
35 3 3 4 5 5 4 5 2 4 3 3 4 2 4 5 5 5 4 3 7 6 2 3 1 2 3 4 1 2 2 3 3 1 2 Toba T. Sini;:
36 4 4 5 6 6 5 6 3 5 4 4 5 3 5 6 6 6 5 4 8 7 3 4 2 3 4 5 2 3 2 3 2 1 1 1 Kama 1i a
37 3 3 4 5 5 4 5 2 4 3 3 4 2 4 5 5 5 4 3 7 6 2 3 1 2 3 4 2 3 1 2 2 1 2 1  2 r.n jrn
38 4 4 5 6 6 5 6 3 5 4 4 5 3 5 6 C 6 5 4 8 7 3 4 2 3 4 5 1 2 2 3 3 1 2 1  2 pPirina'
co CM co *r O) r-- CO <T 00 CO in CO CO Mf CO co CO CO f' in cn rH C^ V CM <v to m in fs r-< co co t-O o- &co CO >- r- o co o rH CO 01 CO CO CO CO CO «-H CO 0) i—I rH C l rH co co t\J (M H  <7 <7 T r»H T—< rH i—i H H rH H H rH rH rH rH rH rH rH rH rH CM 1—1 rH rH rH rH rH rH rH i—1 rH »—I rH t*H rH tH  i—C »—r
in CO co ■Hf CO CM <M CM if) in rH 0) CO o> rH CO O C\J rH CD CO CO CM r- O 1-H t-H OJ t*** rH ID C l m CM If*o If) 03 "M CO Cl O <o o O lO If) If! ■O' If) H CO CO tH rH ■M rH CO in f O ’^ r H O C h  cocOi-HCT-cva T,co co co co CM CO CM CO CO CM CO ■O' >3 CO c n CO in CO CO CM CO CO CO CO ro CO CO co cococororor*.
2 7 0
A p p e d i x  G [ C o n t i n u e d )
3.bahore
1 Lahore
3 2  ^ SS£Hr
4 1 2  1 Lulliani
5 1 2 2 2Kot Padhakishan
6 1 2 1 2 1 Pajjs^anr^
7 2 2 1 2 2 2 Chunifjn
8 2 2 2 2 1 2 1  Pa ttoki. 
9 1 1 2 2 2  2 1 1  Bhai Pheru
10 4 5 6 5 5 5 6 6  5 S ialkot
11 3 4 5 4 4 4 5 5 4 1 Pnsrur
12 4 5 6 5 5 5 6 6 5 1 1 £Lio.^ i£liisii
13 3 4 5 4 4 4 5 5 4 2 1 2 Karowal
14 2 3 4 3 3 3 4 4 3 3 2 3 1
15 4 r( 6 5 5 5 6 6 5 3 2 3 1 2 Shakargarh
16 3 4 5 4 4 4 5 5 4 2 1 2 2 3 3 Daska
17 4 5 6 5 5 5 6 6 5 1 2 2 3 4 4 1 Sambr ial_
18 4 5 6 5 5 5 6 6 5 1 2 2 3 4 4 1 2 Jamkft
19 2 3 4 3 3 3 4 4 3 2 1 2 2 3 3 1 2 2 G u^ranwnln
20 2 3 4 3 3 3 4 4 3 4 3 4 4 3 5 3 4 4 2 Kamoke
21 3 4 5 4 4 4 5 5 4 3 2 3 3 4 4 2 3 3 1 3 OiiiS-,L i.,d a r_£iA£h
22 3 4 5 4 4 4 5 5 4 3 2 3 3 4 4 2 3 3 1 1 2 Eminabad
23 4 5 6 5 5 5 6 6 5 2 2 3 3 4 4 1 1 2 2 4 3 3
24 3 4 5 4 4 4 5 5 4 3 2 3 3 4 4 2 2 3 1 3 2 2 1Gakhar
25 5 6 7 6 C 6 7 7 R 3 3 4 4 5 5 2 2 4 3 5 2 4 1 2 Ak al^panh
26 4 5 n 5 5 5 6 6 5 4 3 4 4 5 5 3 3 4 2 4 1 3 2 3 1
27 3 4 5 4 4 4 5 5 4 5 4 5 5 5 6 4 4 5 3 3 2 4 3 4 2 1
2q 1 2 3 2 2 2 7 3 2 3 2 3 3 3 4 2 3 3 1 1 2 2 3 2 4 3 2
29 2 .3 4 3 3 3 4 4 3 4 3 4 4 4 5 3 4 4 2 2 3 3 4 3 3 2 1 SllHJlilHiSiiUfi
30 3 4 5 4 4 4 5 5 4 5 4 5 5 5 6 4 4 5 3 3 2 4 3 4 2 1 2 2 1San£ la_l]ill
31 3 4 r 4 4 4 5 5 4 4 5 5 5 6 4 5 5 3 3 3 4 5 4 3 2 2 2 2 1
32 2 7 4 3 3 3 4 4 3 4 3 4 4 4 5 3 4 4 2 2 3 3 4 3 3 2 1 1 1 2 ^Mnnanwala_
33 1 2 3 2 2 2 3 3 2 5 3 4 3 2 4 4 4 5 3 1 3 2 5 4 5 4 3 1 2  3 3 2 Kuridke^
34 1 2 3 2 2 2 3 3 2 4 3 4 2 1 3 4 4 5 4 2 4 3 5 5 6 5 4 2 3 4 4 3 1 Narari£
35 1 2 3 2 2 2 2 2 1 5 4 5 4 3 5 4 5 5 3 3 4 4 5 4 5 4 4 2 3 3 2 3 2 2 Shar2 £ur
36 2 2 3 2 2 2 2 2 1 5 4 5 5 4 6 4 5 5 3 3 4 4 5 4 4 3 3 2 3 2 1 2  3 3 1  Hankana
37 2 3 4 3 3 3 3 3 2 4 3 4 4 4 5 3 4 4 2 2 3 3 4 3 5 4 3 1 2 3 2 2 2 3 2 1  Warbur.ton
cn 0 c-- u> 4) CO CO CO 't in e'­ CO CO CO CO CM rH 0 CM 0- rH a) cn cn CO O t n t o o i ^ c o c o r o c N ’ tr: ,co CM rH T—I H ■M rH CO 0 en CM CM in O CO CO rH rH rH CO rH CM CM 0 J  O  CM CM O  O  rH rH rH 0  1*0 t i l  ]1-1 H 1-1 H rH rH rH rH rH r-l rH rH rH rH rH rH rH rH rH rH rH rH rH •—1 r H r H c H  r—t r H r H i —I r H r H
co CO rH CO CO t - r - [“• CM CM rH CV! CM o; 0 e'­ CM CO *H in CO rH CO to C M C M C M C O C D l O ^ ^ r H ©*3 co 0 co CM CM0 0 r H O CO V! ' S CO 0 en CTi O r H CM CO CM r H in to C M C T i ^ l O C O C O r H r H r H O  L | t C  ,
CM 0 ' T CO CO CO CO CO CO CO CM cO CO CO CO ro CO CM CO CO co CO CO CO ro ( N J O J f O f O C M C M r O C O C O f O
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Appendix G [Continued] 
4.Multan
2 1 _ A b a  cj
3 2 1 J  a l a l £ u r ( £ i  r w a l a )
A 1 2 3 Ka b i ^ r wa  l a
5 2 3 4 1 A b d u l _ H a k a e m
.6 1 2 3 1 1 K h a n e w a l
7 2 3 4 2 2 1 ,< i a n _ C h a n n u n
8 1 2 3 2 2 1 2 J a h a n i a n
9 3 4 5 2 1 2 1 3 T u i a J S t n
10 2 3 4 2 2 1 1 2 2 V e h a r i
11 3 4 5 3 3 2 1 3 2 1 B u r e w a l a
12 2 3 3 3 3 2 2 1 3 1 2 M a i l s i
13 2 2 1 3 4 3 3 2 5 2 3 1 K e h r o r _ P a c c a
14 1 1 1 2 3 2 3 1 4 3 4 2 1 D u n y a p u r
15 4 5 5 4 4 3 2 4 3 3 2 4 5 5 S a h i w a l .
16 3 4 5 3 3 2 1 3 2 2 1 3 4 4 1 C b . i c h a w a t n . i
17 5 6 7 5 5 4 3 5 3 4 3 5 6 6 1 2_ 0k a r a
18 5 7 3 6 6 S 4 6 4 5 4 6 7 7 2 3 1 f f l g a l a ^ K h u r d
19 6 7 8 6 6 5 4 6 4 5 4 6 7 7 2 3 1 2 D e £ a l £ u r
20 7 8 7 6 7 6 4 6 5 4 3 5 6 7 2 3 2 3 1 Ha v a  i H
21 8 9 0 7 8 7 5 7 6 5 4 6 7 8 3 4 3 2 2 1 B a s i r p u r
22 7 8 9 7 7 6 5 7 6 6 5 7 8 9 3 4 2 1 1 2  1 H u j r a
23 5 6 6 5 5 4 3 5 4 3 2 4 5 6 1 2 2 3 2 1 2  3 P a k p a t t a n
24 4 5 5 4 5 3 2 4 4 2 1 3 4 5 1 2 2 3 3 2 3 4 1 A r i £ w a l a _
25 1 1 2 2 3 2 3 2 4 3 4 3 3 2 5 4 6 7 7 8 9 8 6 5 H u z a f f a r £ a r h _
26 2 2 3 3 4 3 4 3 5 4 5 4 4 3 6 5 7 8 8 9 10  9 7 6 1 L e i a h
27 2 2 3 3 4 3 4 3 5 4 5 4 4 3 6 5 7 8 8 9 10 9 7 6 1 1  K o t _ A d d u
23 2 2 3 3 4 3 4 3 5 4 5 4 4 3 6 5 7 8 8 9 10 9 7 6 1 2  1 D . G . K h a n
29 3 3 4 4 5 4 5 4 6 5 6 5 5 4 7 6 8 9 9 1 0 1 1  10  8 7 2 2 1 1  T a u n s a
30 4 4 5 5 6 5 6 5 7 6 7 6 6 5 8 7 9 1 0 10 11 1 2  1 1  9 8 3 3 2 2 1 V e h o w a
31 3 3 4 4 5 4 5 4 6 5 6 5 5 4 7 6 8 9 9 10 11 10 8 7 2 3 2 1 2 3 J a i n p u r
32 4 4 5 5 6 5 6 5 7 6 7 6 6 5 8 7 9 10 1 0 1  1 1 2 1 1  9 8 3 4 3 2 3  4 1  H a j a n n ^ r
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5 .Bahawalpur
2 2 H a s i l D U r
3 1 1 Khairour
4 1 3 2 Ahmadgur
5 4 2 3 5 Bahawa lna tear
6 5 3 4 6 1 Don^abonga
7 3 1 2 4 1 2 ChiBhtian
8 5 3 4 6 3 2 2 Fortabbas_
9 4 2 3 5 2 1 1 1 l!arunabad_
10 4 6 5 3 8 9 7 9 8 PaMm va rkhan
11 3 5 4 2 7 8 6 8 7 1 Tr£ nda_.Swa £
12 2 4 3 1 6 7 5 7 6 2 1 Khangur
13 5 7 6 4 9 10 8 10  9 1 2 3 Sadiqabad
in
cn
m
cn 00cn
CM 51 58
cm o  cn cn M C--ro to ^ ifi ^ h  1 *> L
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5
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5
31
7
3 
50
42
5
48
3
26
7
50
0
40
8
52
5
45
0
39
2
61
7
I—1 ft o
A p p e n d ix  H
District level topological accessibility matrices 
1971 .
1 £sh_Canttj.
1 2 Murree
1 2  2 Kahuta
1 2  2 1 Gu.j arkhan
^ tv tv to to Total 
Area 2022*
Jhelum
1 Dina
2 i Khakha
2 1 1  M an£1a_Cantt.
3 2 1 2  Chakwa 1
3 3 2 3 1 Bhaun
1 2 3 3 2 2 Pi^nd 0adankhan
2 3 2 3 1 1  1 _Khewra
2 3  3 4 2 1  1 2  _Lilla Town
u a t o t n o ^ t o t n i n c o  t  n  t  a  1
Area 2772*
C am£b e_l lpur 
 ^^ .hasan__Abda 1_
1 1 Hazro
2 1 2  Wah_Cement
2 2 1 3  Gur^hashti
1 2  2 3 3 Fateh^ang
1 2 2 3 3 2 £i£di^heb
2 3 3 4 4 1 1  Khaur_
2 3 3 4 4 2 1  1 TalaganR
CM i n  U1 [ \ l  N  ID  111 O ) O  T n - t -  ^
H  H  <H CM CM r*t ft «H 0J J O OaJ.
A ran 4148*
Gujrat 
1 Jalalpur
1 2 Kunj ah
2 3 1 Mangowal
2 3 3 2 Kharian_
1 2 2 2 1 Lalalliusa
2 3 2 1 1 1  Dinaah
3 4 4 3 1 2 2 Sarai_A^amgir
3 4 2 1  2 2 1  2 Phalia
4 5 4 3 3 3 2 2 2  Ma lakwal 
3 4 3 2 2 2 1 1  1 1 M^B^Din
C M t - l ' J O O C O t O ^ O O i O  T n t a l  
CM CO CM CM CM H  H  Dl Dl Dl Dl
Area 22fci|*
1 S j. llanwa 1 i
1 2 Bhalwa1
2 O 1 Bhera
3 4 ? 1 Miani
2 3 1 2
1 2 o 3 4 T Kotmomin
2 3 1 2 2 1 iiiiiani
1 2 1 P o 2 Shah£ur_.Sadar
1 2 2 3 4 3 2 '3 1 Sahiwal
2 3 1 1 2 2 3 2 1 2 Jhawri_an
2 o 2 3 4 3 3 3 1 2 2_ Shahpur ir_Cl±v
2 1 3 4 3 4 4 2 1 3 Faruka
1 2 1 2 V 3 3 2 1 2 1 p 3 Kalra
3 4 3 4 5 4 4 4 ? -1 O 1 4 3 Khushab
5 () 5 n 7 6 r, *■' 4 5 5 3 fa 2 Hada^i^
6 7 6 7 7 7 7 S 6 G 4 7 5 3 1 Mitha_Tiwana
4 a 4 5 6 p, 5 5 3 4 4 2 5 4 1 1 2 i£Uhar^bnd
5 5 fa 7 r 0 4 5 b 3 G 5 ?  ^ 1 1 Nurour
0 7 fa 7 7 7 7 r> K (i 4 7 fa 3 1 1 2  ^REiiiidabad
4 5 4 5 5 5 5 5 3 4 4 2 5 4 1 3  4 2 3 4 Sakesar
4 5 4 5 o 5 5 5 4 4 p 5 4 1 3  4 2 3 4 1 Naushehra
CO r- r- tv tv in O in CM v cn cm O tv CO CM Cv CM 0) 0)
in iv m {v o> tv tv tv in to to m co to id dc otv co o tvfv Total
Area 4 77 5*
A p p e n d i x  H [ C o n t i n u e d ]
1 Daudkhel 
1 1 Moch_
1 2  2 MusakhejL 
1 2  2 2 _Kundian_
1 2 2 2 2 tjiacjatpur
1 2  2 2 1 1  Piplan
3 2 3 3 4 4 4 Isakhel
2 1 2 2 3 3 3 1  Kalabarjh 
1 2 2 2 2 2 2 4 3  Bhakkar 
1 2 2 2 2 2 2 4 3  1 Daryakhan
1 2 2 2 2 1  1 4  3 2  1 Kalurkot
.-IC'jmC'J.-JtDlOCOtMfH 
c \ j < \ j r v j c \ j c M  m  cv o j  CV cm
Area 5403*
Totnl
Jhang
1 Chiniot
2 1 Pa^wah
3 2 1. Lalian
1 2 3 4 Shorkot
2 3 4 5 2 Ahmadpur
1 2 3 4 1 1 Garhmahara.ia
Total
Area 3 401*
Lyall£ur_
1 Chak Jhumra
1 1 Jaranvia la.
1 2  2 Satnundri
1 2  1 1 Tandlianwala
2 3 3 1 2 T/T^Singh 
2 3 2 1 1 1 Kama 1^  ^a 
1 2  2 1 2  1 2  Go.j ra
2 3  3 1 2 1 2 2  Pi£2ahal
ri ^  2 !!! ! 2 !1 ill Total 
Area 3515*
Lahore 
1 Pa,iwi n^d
1 1 Jiaimaiisii
1 2  2 Padhana
1 2  2 2 Doorlkalan
2 2 3 3 3 Kasur
1 3 2 2 2 1
3 3 4 4 4 1 2  Khudian
2 1  2 3 3 3 4 3  Kot^Radhak1 shen
2 1  2 3  3 1  2 2 2  Raj a Jang
3 3 3 4 4 2 3 1 2 3  Chunian 
2 2 2 3 3 3 3 2 1 3 1 Pattoki 
1 2 1 2 2 4  2 3 2 3 2 1  Bhai_Pheru
4 4 5  5 5 2  3 1 4  3 1 3 4  Kanganpur
3 3 3 4 4 4 4  3 2 4 2 1  2 4 Wan Radharam
O  tH 00 CO t  _ j_„ i c v mm' t f ^ c o r o c o c o f n o o r o c o ^ ’tf i ° ‘,aA
Area 2216*
A p p e n d i x  H [ C o n t i n u e d ]
Sialkot 
1 Pasrur
1 1 Chawinda
2 1 2  Kalaawala
2 2 2 3 Narowal_
3 2 3 3 1 Badomalh i_
2 1 2  2 1 1  Q i In Sobhaslnfjh
1 2  1 3  1 2  2 Zafarwal
3 3 3 4 1 2 2 2  Shakarparh
2 1 2 2 3 3 2 3  4 Daska
1 2 2 3 3 4 3 2 4  2 Sambriftl
2 2 3 3  4 4 3 3 5 1 1  gegowal
2 2 3 3 4 4 3 3 5 1 1 2  Bhopalwala
1 2 3 3 3 4 3 2 4 1 2 2 2 Jamke ___
taw t O ' T o t o r ' C ' t y t v o mi n c M T . t o > 
CM CM N d « n N ( \ l i | W n n ) i i ) | i l  l u t a J -
Area 2067*
2 Kamoke
1 3 O illa Didarsingh
1 1 2  Eminabad
2 4 3 3 Wazirabad
1 3  2 2 l Gakhar
1 3 2 2 1 2 Akalgarh
2 4 3 3 2
2 4 1 3  2
3 5 2 4 3
3 i Rsi2iiaS2.il
3 1 2  llafizabad
4 2 3 1 Pi nri i
tn co o> r- Totalw m N
Area 2312*
CM
Shj2_i kh U£ur a
* ChuharkRna
2  1  K h a n p a h . . P o . g g a H _
3 2 2 .Sangla Hill
2 1 1 1  Ph^banb ah
2 2 2 1 1  Shahkot
1 1 2  2 1 1  Hananwala
1 2 3 4 3 3 2 Muridke
1 2 3  4 3 3  2 1
1 2 3 4 3 3
2 2 3 3 2 2
1 2 3 3 2 2
2 1 1  Sharagr)ur_
1 3  2 1 Hank ana
1 2  2 2 1 Warburton
Tote 1
Area 2312*
Hu^tan
2 1 Ja1a lfiur
1 2  3 Kabirwala 
2 3 4 1 Abdul Hakeem
1 2  3 1 1 Khanewal
2 3 4 2 2 1 Hlanchannun
1 2  3 2 2 1 2  Jahanian
3 4 5 2 1 2 1 3
2 3 4 2 2 1 1 2 2  Vehari
3 4 5 3 3 2 1 3  2 1  Burewala
2 3 3 3 3 2 2 1 3  1 2  Nails!
1 1 1 2 3 3 4 2 5 3 4 2  Lodhran
2 2 2 3 4 3 3 2 4 2 3 1 1  Kehror Pacca
1 1 2  2 3 2 3 1 4  3 4 2 1 1  Dunyapur
^f CMCMCJ i ' Wi nr i t ^ t - i moor ocno n.  i .  ■ 
cm c o ' S c m c o c m c o c m ' t c m ' J c o c o o o c o  Total
Area 5630*
A p p e n d ix  H [ C o n t i n u e d ]
Sahi wal
1 2 Okara_
2 3 1 Rfinala_Khurd
2 3 1 2  De^al_pur
2 3 2 3 1 Havaili
3 4 2 2 1 1  Basirour
3 4 2 1 1 2 1 Hujra
1 2 2 3 2 1 2 3  Pakpattan
1 2 2 3 3 2 3 4 1 A rlfwala
tD ^ lO O CQ ts» 01 H F'- rH m. t. I
H M H (\J rl H H rH CM 101,111
A roa '122'! *
Ijuzaffargarh 
1 Khangarh 
1 2 L.elah
1 2  1 Karor
1 2 1 2 Kotaddu
1 2  1 1 1  Daira_Dingana_h 
3 2 4 4 4 4 Al i.our
3 2 4 4 4 4 1 Jatoi
2 1 3 3 3 3 1  1 §h£h££ii,l tan
n ^ i f ' o o c o  f" cn o  c* To t a l  
.-< rH rH H  w-l *H CM CM - I  J ° t a i
Area 5613*
Dera_Ghazikhan 
1 Kot Chuta
1 2 Taunsa
2 3 1 Vehova
2 1 3 4 Jamjour Hahawalpur
3 2 4 5 i Saiai 1 S arna sa to
7 2 4 5 1 2  Rajan^ur 1 2 Yazman
4 3 5 6 2 3 1 Kot Mithan 2 3 3 i!££ii£H£.
5 4 6 7 3 ^ 2 1  Ro^han 1 2 2 1 Khairpur
m
CM
CO
H
i p
CM
ce ^ d  in cm Total
CO H <\l  CSJ CM CO
Area 9359*
2
3
1 3 4 3 Ahmadnur
2 4 5 4 1 Uch
cn Total
Area 95U7*
Bahawa ]. na£a r 
1 £°£il£_]i£DJj3.
1 2
2 3 1 Sadi££an£
1 2 2 3 Chishtian
3 2 4 5 2 Fort Abbas
2 1 3  4 1 1  Jja £  u n a b a  d
O <H CO CD H C"- CM
rH  r t r H  .-C rH rH  I  O
Area 3 4 2 » *
1 1 Trinda_Sawai 
3 2 3 Lis^atpur
2 2 3 1 Allahabad
2 1 2  1 1  Khanpur
1 2 2  2 1 1  ch^imaa
1 3 2 3 2 2 1 Sadicjabad 
2 4 3 4 3 3  2 i  Ahmadpur
2 4 3 4 3 3 2 i 1 Sanjar^ur
Area 4493*
•square miles
2 7 6
A p p e n d ix  I
District level metricated accessibility(time] 
matrices 1971.
£s“^l2in£li
2 Wnh Gantt.
6 9 (£urree_
2 5 9 Kahuta
3 5 9 5 Gu^arkhnn
to rH co »-t cm T o t a l  h  w aj w looa-t
R.L. 5B6 miles
JheJ^um
1 Dina
2 1 J<hakha 
2 2 Msngla_Cantt,
5 4 5 Chakwal
7 6 7 1 Bhaun
5 7 5 4 a  P,ind^Dadankhan
5 7 8 4 3 1^Khewra
7 8 B 4 3 2 2 Lilia Town
R.L. 390 miles
Cam£be2iEy£
P_Hasan Abdal
1 2 Hazro
2 1 2
2 3 1 2  Gurp.hashti
2 4 3 5 4 Fatehj^an£
4 5 6 7 6 3  pind^gheb 
5 6 6 7 7 2 1 Khaur_
7 8 8 9 8  4 2 2  Talagang
i n N r i u i n t i n a i c  Total 
c m  co to co co c\j co co m
R.L. 502 miles
Guj^r a t
lJalalpur
1 2 KunjBh
2 3 1 Mangowal 
4 5Kharian2 4 
1 3
3 5
3 4 1 Lalamusa
3 3 2 2 Dingah
3 5 5 5 1 2 3  Sara! Alam^ir
3 5 2 2  4 4 3 4  Phalia
6 8 6 6  5 4 4  6 3  Malakwal
4 6  4 4 4 2 2 3 1 2 M . B . D i n
R.L. 401 miles
Sargodha
3 S ^ l l a n w a 1 i
2 5 B h a l w a l
4 7 2 B h e r a
6 10 4 1 H i a n i
3 6 1 3 4  P h u , l a r w a n
3 6 1 3 4 2 K o t m o m i n
3 6 1 3 4 2 1 i i i i i a a i
1 4 3 4 5 3 5 5 3 h a h g u r . _ S a d a £
2 2 4 6 1 5 5 5 3 S a h i w a l
2 5 2 2 4 3 3 3 3 4 J h a w r i a n
2 5 4 5 6 4 5 5 1 4 4 _. § h a h E U £ _ £ i i y
4 1 6 7 8 6 6 7 4 1 5 5 F a r u k a
2 5 2 2 4 3 3 3 4 4 1 4 5 Ka I r a
2 5 4 6 8 5 5 5 1 4 3 1 5 4 K h u s h a b
3 6 5 7 9 6 6 6 2 5 4 2 6 5 1 Ha d a l i
4 7 6 8 10 7 7 7 3 6 5 3 7 6 2 1 Mi. t h e _ T i w a n a
3 6 5 7 9 6 6 6 2 5 4 2 6 5 1 1 ^ i n  u h g r a  bj^d
7 10 10 12 14 11 11 11 7 10 9 7 11 10 5 4 3 4 N u r g u r
4 7 6 8 10 7 7 7 3 6 5 3 7 6 2 1 2  1 4 Q u a l d a b a d
7 10 10 12 14 11  1 1 11 7 10 9 7 11 10 5 6 7 6 10  7 S a k e s a r
5 8 7 9 11 8 8 8 4 7 6 4 8 7 3 4 5 4 8 5 2 N a u s h e h r a
CM
t*
'TCM 0cm co
H
0
H
to
Q  
1“J
COO
H
01
01—1
T
C'
m
IT)
ID
CO
CO
00
10CM
H
in
cn
£"
c- 9
0
10
7
9
0 co co to i-tO co co T o t a l
rH *H r-l tH
R . L ,, 7 7 2 miles
A p p e n d i x  I ( C o n t i n u e d )
2 1 Moch
2 4 5 Musakhe1 
1 4  4 4 _K un i^^an_
3 6 6 6 1 kiasa tjiur
3 6 6 6 1 1 P ig_l an
6 4 5 9 8 10 10_Isakhel._
3 2 3  6 5 7  7 3  Kalabagh
7 10 10 10 6 5 5 14 10 Dhakkar
6 9 9 9 5 4 4  13 9 1 Daryakhan
2 5 5 5 2 1 1 9  5 4 2 Kalurkot
r- n i n i D r H O O H O W W f H  Totalrt*' irt in rt in in m m f\.
Jhang
4 Chinlo t
5 1 wa li
6  1 1  L a l i a n
3 8 9 9 Shorkot
5 10 11 11 2 A hmadp u r
4 9 lo 10 1 1 Sarhmahar-a .i a
R.L. 481 miles
Tota 1
R.L. 506 miles
Lya1l£ur_
1 Chak Jhumra
2 2 Jaranwala__
2 4 3 Saniundri
4 5 2 1 Tandlianwala
5 6 6 3 4 T.T .Singh
6 7 6 3 3 2 Kama1ia
3 5 5 2 2 1 3 Gojra_
3 7 7 4 3 1  1 3  PiE2]ahal
c o t s n w ' i o o  Total
w m r c c M W W  roojro
R.L. 5 2 0  miles
Lahore 
3 Raiwi^nd 
2 1 Kahnanon
2 6 5 Padhana
1 5 4 4 OoHililiSiSS
3 2 3 6 5 Kasur
2 3 4 5 4 4
6 4 4 8 3 6 5 Khudian
3 1 3 6 5 2 4 4  Ko t_Radhak i^shan
4 1 ?  7 6 1 3  3 2 k n ,j n j a n p,
5 3 3 8  7 3 5 2  2 3  Chunian
4 1 3 7 6  4 5 4  2 3 1 Pattoki
-1 3 2 6 5 5  5 6 3  4 3 2  Bhai Pheru
7 6 5  10 9 3 5 2  5 5 2  3 5 Kanf j anj s ur_
4 2 3 7 6 5 5  5 4  3 2  1 2 4  Wan_Radharam
Total
R . L .  3 53  m i l e s
2 7 8
A p p e n d i x  I [ C o n t i n u e d )
§iSi!i£i
2 Pab rur
2 1 Chawgnda
2 1 3 Hsiss^sis
4 2 4 3 Narowa1
6 4 6 5 1 i
3 1 1 2 1 2 2iiS-
3 3 2 4 2 4 2 Zafarwal
6 4 5 5 4 5 5 4 iislisiissii-
1 2 3 4 4 4 3 4 5 Daska
1 4 3 5 6 6 5 4 6 1 Sambri^aJL
2 5 4 5 0 6 5 5 6 1 1  ge £ 0 wa_l
2 5 3 5 6 5 4 5 5 1 1 1  Bhopalwala
1 3 3 5 5 5 4 4 5 1 1 1 1 Jamke
in
ce 10(O 39 49 CO'J
0)in COto
10
•st
in n ® y e Total
C*> ^ fO
R ,. L . 484 miles
1 Kampke
1 2 2illa_Di.darsingh
1 1 2 Emi. nabaa
1 2 2 2 _Wazi.£abad
1 2  2 2 1 Gakhar
2 3 2 3 1 2  Akalgarh
3 4 3 4 2 3 1 Ra2111S.SS.il
2 3 2  3 2 3 1 2  jjjaf.izabad
5 6  5 6  5 6 5 6 3  Pindi Bhatian
d  c\j cm c v  
R.L, 334 miles
SilSillillllllES 
1 Slmlisiilssss 
 ^ 1 HiSSSSJl—ESSESS— 
5 3 3 SaOHiS—Uiii
3 2 2 1 Dhabansinfih
3 2 3 2 3 Shahkot
2 2 3 3 4 1 Mananwala
4 4 4 9 10 6 6 i:.uE,MKs
5 6 6 11 12 9 9 3 Narang
3 4 5 9 10 7 7 4 5 Shara32ur_
3 4 6 5 8 3 3 6 8 3 Nan!lSI!S
2 3 5 6 9 4 4 6 9 4 1 Warburton
to
f*'
n j
CO
O
■^r
r-
m ID
to cv
to
h 0 co Total co to in in
R.L, 505 miles
Multan
3 s,]2Hissiis£L-
7 3 Jala lour
2 6 6 Kabirwala
4 3 7 2 Abdul Hakeem
2 5 5 1 2 Khanewal
4 P. 7 2 2 1 MjLa nchfjnnun
2 3 5 2 4 1 3  Jahanlan
6 10 R 3 1 2 1 4 Tuiamba
5 7 7 7 6 4 4 4 5  Vehari 
6 8 8 7 5 5 6 6 4 1  Burewala 
4 6  9 6 5 3 2 2 6 1 2  Mailsi
4 2  2 4 5 3 5 1 6 4  4 2  Lodhran 
5 4 4 5 5 4 0  3 7 3 4 2 1 Kehror_Pacca
3 3  4 4 4 3 5 1 6 4 5 3 1 1  Dunyapur
r . i o c u r ' - O i - t i O r H o o j i - t n ^ ^ - ! - '  T n i - > 1
in ra in to t r  1n <t i d  i d  t'«in’s j ' i n ^ lu,'a
R . L ,  8 0 7  m i l e s
A p p e n d i x  I  ( C o n t i n u e d ]
Sahiwal 
2 Chgchawatni.
1 3 Ok a r a_
1 Kenaln_Khurd
3 De^a2.nH£
5 3 l l a y a i l j
4 1 1  Bnsirpur
2 1 3  2 Hujrn
5 2 1 3 4 P akna t ta n^ _
6 4 2 4 5 1 Arifwala
<v ( M t o N i f c r i o N t t i t ' i  Total
CM " M C M C O C M C M C O C O C M C O
R.L. 544 miles
Huzaffargarh_
1Khon^arh 
4 6 Ljsi_a h
0 1 Karor
3 2 3 Kotaddu
6 3 3 1 Daira_Din£anah
4 9 10  6  8 A H o u r
o m cm r H d i c o m o i t "  Total 
n n ' t i D N n y n c t
5 10 11 7 8 2 J a toi 
3 0 9 5 6 1 1  Shnhrsultan
R.L. 521 miles
Dera_Ghazi,khan 
1 Kot_Chuta 
5 7 Taunsa 
8 9 3 Vehova 
3 1 9 12 J am£ ur
5 3 1114 1 Dajal
7 5 13 16 2 3 R£ia£SaHE
8 7 1 4 1 7  3 4 1 Kot Hi than
9 8 1 5 1 8  4 6 2 2 Rojhan
0 ^ r. t-. m r - m  ^ y Total
R.L. 519 miles
bahawal£ur_
1 Samasata
, - r — r - — - r - r - . - l i -  .
1 3 Vaiman
5 7 6 Ha’pllpur
3 5 4 2 iKhai^rgur
2 1 4 0 5 Ahmadpur
4 3 6 9 8 1 Uch
R.L. 463 miles
Bahawalnagar 
1
2 4 Kinchinabad .
3 6 1 §adi£gan£
2 3 5 5 Chishtian
4 4 7 7 5 Fgr t Abbas
2 1 5 5 2 3 llarunabad
R.L. 439 miles
Rah i^m^ar khan 
1
1 1 TriHda^Sawai
5 Li.aaatpur
6 1 d
2 4 Khanour
2 ChactiEan
4 5 Ssd i.aa ba d
5 e l Ahmadpur
5 7 2 2 Sanj.ar£ur
cm cd m cm cm in Total
in cm v  m  y  m
R . L .  5 0 0  m i l e s
Note. Route Length includes 
both roads and railway
A p p e n d ix  J
Eta Index Scores 1971.
a ,Non-motorised Traffic.
Ricycles Animal drawn Vehicles Traffic Units*
1.Lyallpur 1462 1,Guj rat 295 1. Lya1lpur 577
2. t.aho re 991 2.Lya1lpur 204 2.Guj ra t 442
3 , S i alkot 791 3.Guj ranwala 277 3.Guj ranwala 430
4 , Sheikhupura 780 4 .Sheikhupura 269 4.Lahore 428
6 . Gu j rsnwa1a 767 5.S i alkot 249 5.Sheikhupura '25
3 , G u j r a t 737 G ,Lahore 229 6,Sialkot 407
T.Bahawalnapar 531 7.Rahim Yarkhan 126 7,Rahim Yarkhan 227
•3. Rahim Yarbhan 604 8,BahawaInagar 109 8.BahawalnaEar 216
3 , Bahawalour 423 9,Sahiwa1 109 9,Sah iwa1 191
lO.Sahiwal 411 10.Mu 1 tan 92 10.Multan 170
11.Gera Ghazikhan 391 11. Sargodha 80 11.Jhang 146
1 ? . M u 1 ta n 389 12. Jhang 76 12,Sargodha 137
13.Jh a n g 352 13,Dera Ghazikhan 59 lO.Dera Ghazikhan 137
l4.Muza f farearh 343 14,Jhelum 58 14.Bahawalpur 136
15.Sarr.odha 290 15,Bahawalpur 52 15,Muzaffargarh 115
16.Jhelum 211 16.Muzaffargarh 47 16,Jhelum 100
17.Rawalpindi 154 17.Mianwali 29 17,Mi anwa1i 58
13.Mi anwali 147 1 8 .Campbellpur 28 lH.Campbellpur 50
19,Campbellpur 110 19.Rawalpindi 13 19,Rawalpindi 43
*5bicycles=l A.D.V,
b .Motorisad Traffic.
Motor 0 voles i!£i££_£S£— Buses Truck s Total Units.*
1. Lahore 482 1,R .Pindi 813 1 .G.V/ala 583 l.G.Wala 815 1.R .Pindi ° 514
2,Lya1lpur 271 2*Jhelum 633 2.S.Pura 521 2, Jhelum 752 2,Lahore 5217
3 , G , W a 1 a 237 3. G.V/ala 612 3.Lahore 455 3. Lahore 653 3.G , Wala 4775
4.S ,Pura 222 4 . S .P ura 550 4.Jhelum 408 4 , S .Pura 6 53 4.S ,Pura 418.5
5.S ialkot 172 5.Lahore 484 5,Lyallpur 398 5.R.Pindi 593 5,Jhe1um 4161
6 . G uj ra t 134 6.C .Pur 330 6.R .Pindi 370 6.R,Y.Khan 581 6 , Lya1lpur 2785
7.R.Y.Khan 134 7. Lyallpur 270 7,Sahiwal 278 7,Jhang 477 7.R.Y.Khan 2289
S.Multan 112 8 . Guj rat 200 8.Multan 260 8,Mu1tan 416 8,Jha ng 2268
9.S ah i wa1 103 9 .Multan 150 9.Jhang 223 9 .C.Pur 409 9.Multan 2236
lQ.B.Nacar 96 10,Sargodha 140 10,Guj rat 211 10.Lyallpur 395 10.C.Pur 2167
1 1.Jhelum 95 11 .Sialkot 131 11.C.Pur 199 11.B.Pur 344 11.Sahiwal 2019
12.R .Pur 87 12.Jhang 129 12.Sialkot 190 I 2.Guj rat 337 1 2 .Gujrat 1910
13.0.G.Khan 86 13.Sahiwal 128 13.S argodha 186 13,Sahiwal 335 13.B .Pur 1638
14 . J h a n g 77 14.R.Y.Khan 96 14.B.Pur 158 14.M.Garh 294 14.Sargodha 1571
15.R ,Pindi 71 15.B .Pur 89 15.R.Y.Khan 128 15,Sargodha 281 15.M.Garh 1322
16.Sar godha 52 16,D .G.Khan 71 16,M .Garh 118 16.1). G . Khan 172 16.Sialkot 1281
17 , M . G a r h 45 17.M ,Garh 65 17,B ,Nagar 101 17.Sialkot 164 17.D .G .Khan 9 32
18,Mianwali 3 3 18,B ,Nagar 52 18.D .G .Khan 101 10.Mianwali 119 18,B,Nagar 682
19,C .Pur 27 19.Mianwali 44 19.Mianwali 62 19.B .Nagar 92 19.Mianwali 606
*2 motor cyclessl car
3 cars=l bus or truck.
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District level socio-economic indices 1971 
[based on Jhang-100)
DISTRICTS. _1_ 2 3 4 5 6 7 8 9 10 11 12 13 14 1 5
1 .Rnwalnindi 122 113 125 228 268 236 135 71 377 3 27 305 204 190 171 1031
2.Campbellpur 129 64 95 52 43 67 108 128 34 78 84 190 205 128 54
3 . Jhe1um 114 68 91 83 58 85 88 128 45 88 96 137 203 100 B6
4 . Guj ra t 132 122 97 183 97 79 100 157 62 154 161 146 153 128 1 I’-
5,8a rgodha 141 135 96 96 172 127 112 314 55 225 262 118 137 200 320
6.Hi anwali 163 71 104 44 82 115 99 171 48 80 90 166 187 114 48
7 , Jhang 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
8 . Lyallpur 164 274 130 263 365 133 126 128 285 779 780 169 179 257 620
a .Lahore 149 244 117 371 841 345 98 214 393 1369 1408 147 151 300 2280
10 . S i alk o t 1 53 151 105 247 133 88 79 200 67 186 187 132 133 171 201
11.Guj ranwala 154 132 133 194 205 155 112 143 143 365 324 155 137 100 22°
1 2, Sh oikhupura 142 106 119 156 84 80 122 171 49 135 141 134 140 100 111
1 3,Mu 1tan 139 259 108 155 30 5 118 79 214 143 559 581 159 166 3 57 561
14,Sahiwal 169 181 74 146 134 74 91 143 94 291 305 iao 188 171 200
lb.Muzaffarearh 156 100 130 61 42 41 97 128 32 100 98 178 176 100 66
16.Dera Ghazikhan 131 73 105 27 51 69 75 128 40 78 81 155 172 100 58
17.Bahawalpur 113 69 102 24 78 113 94 100 78 132 129 157 154 86 ° 7
ld.Bahawalnagar 138 70 68 6 « 58 8 4 96 100 58 144 148 208 212 71 64
ln.Rahimyarkhan 123 91 84 68 71 78 131 143 50 164 168 200 205 114 151
DIBTRICTS^ 1 6 17 18 19 20 21 22 23 24 25 26 27 28 2 9 30
1 . Rawalpindi 776 29 155 215 55 310 122 130 432 1090 206 219 120 100 119
?.Campbe1lpur 8? 6 78 191 202 12 93 83 18 69 76 69 153 122 112
3.Jhelum 123 3 144 221 145 41 75 65 34 104 9 3 80 115 100 92
4.Guj rat 659 42 122 172 134 90 80 85 92 85 121 128 97 127 111
"■. " araodha 741 2 35 107 2?n 4 2 r. 122 14r. 13" 1-5 5 1 P 104 DO ??" n ? 10"
6,Mi nnwa1i 47 13 55 136 217 56 105 88 65 83 66 55 219 108 93
7.J han g 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
3 . I.vallpur 2418 329 211 165 132 411 79 90 488 535 76 87 240 189 173
9 . Lahore 4817 129 311 200 285 949 52 56 461 674 79 .4 6 169 127 104
10.Sialkot 853 81 155 213 219 116 94 87 49 4 'T 154 144 131 128 107
11,Guj ranwala 2588 177 78 232 166 212 73 82 92 129 107 120 123 130 116
1?.Sheikhupura 770 168 78 119 287 44 90 104 47 110 132 154 171 125 107
13 . M u 11 a n 1253 226 189 200 174 331 131 140 291 275 79 85 332 153 126
14.Sahiwal 588 297 111 213 162 128 94 102 134 211 76 82 198 140 125
15.Muxaffargarh 41 19 73 104 89 32 104 101 30 58 63 61 127 100 92
lR.Dera Ghazikhan 112 13 55 108 159 29 84 72 81 62 30 26 214 100 92
17,Bahawalour 359 52 55 167 102 73 85 78 60 49 30 28 148 86 86
IR.Bahawalnagar 159 181 78 121 85 53 72 60 58 8 71 59 179 100 lOO
in,Rah i mya rkha n 341 26 78 240 94 67 98 106 88 59 74 80 131 110 9 b
VARI_ARL.ES
1.Beta Index (V=Poad Junctions).
2.Total Population 1971.
3./c Variation in Tot.Pop. 1961-71.
4.Populatin Density(p .sq.m ) 1971.
6.Urban Populatin 1971.
G.Percentage of Urban Population.
7 .%  Variation in Urb.Pop, 1961-71,
8.Number of Urban Centres 1971.
9.Average ropulation per IJ, Centre,
10.Total Receipts of M .Committees,
11,Total Expenditures of M.C.
12,Per Capita Receipts.
13.Per Capita Expenditures,
14.Number of Hospitals.
15,Motor Vehicles.
1 6 , Number of Factories,
17,Arrival of Wheat in the Markets.
1 0 . Number of Colleges (Inter./Degree).
19.Shape Index,
20.Urban Pop. in Towns below 20,000.
21.Urban Pop. in Towns above 20,000,
22.Route Length (actual),
23.Route Length { quivalent).
24.Number of Buses on roads,
25.Number of Trucks on roads.
26.Road Density per 100 s q . m , (actual),
27.Road Density per 100 sq.m.(equivalent)
28.Length of Railroads.
29.Beta Index (V=towns),
30.Gamma Index (V=towns),
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List of towns 1971 .
1:2 • Hi
1 .Abdul Hr k earn
2.Ahmad Pur Fast
3,Ahmad Pur Lamma 
d.Ahmad Pur S ia 1
5 , Aka 1 qnrh 
0 , A 1 a h Abad
7 , A 1i Pur
8 , Ari fwala
9 . B a d o M a 1 h i
10.Br Hr w r I Nagar
11,Bahawa1 Pur 
1?.Ba s i r Pur
13,B esown 1
14.Bhai Pheru 
1ft . 8 h a k k a r
1 6 . B h a 1 wa 1 
1 7 . B h a u n 
18.Bh era 
l'l.tihonalwala 
20 . U urew-i 1 a
PI .Camobellnur 
??,rhnrhran 
? I , C ha k J h u mra 
?4 .Cha kwa 1 
P 5. C h a w i nda 
?6.Chiohawatni 
?7.Chiniot 
2ft.Chishtian
39 . ChuharkariR 
BO.Chunian
31,Da i na
IP. D a i m  Din Panah
3,3 . D a j a 1
34.Darya Khan
3 5.1) a s k a
36.Baud Khel
3 7,Depaluur
38.Bern Ghazikhan 
BO.Dhaban Singh
40 . n i nr,ah
41 .Bogri Kalan
4 2 . Donea Bonga 
4 3.Dunyapur
44.Eminabad
4 ft. F aruka
4ft.Fateh Jang 
47,Fort Ahhas
4ft,Gak ha r
49,Garh Maharaja
50,Goj ra
ft 1.Gujarkhan 
5?,Ouj ranwala 
ftB.Gujrat 
ftd.Gurqhnshti
ftft.Hadali
56 , lla f i zaba d
57 . Ilarunabad
58.Hasanabdal
59.Hasilpur 
60 . llavai 1 i 
61,11a zro
ft 2 . i I u j r a
6B .I sa Khel
5 4 . J a h a n i a
ftft.Jalalnur Jabtan 
li'i, Jalalnur Pir.
67.Ja mk e
*
*
»
tocu Wc <
o .j
t3 o
1 4 0 1)
1 8 4 0
2 0 1 r
7 4 D
1 2 0 1)
1 9 7 F
1 6 7 K
1 6 0 C
1 0 5 D
1 H6 C
1 7 9 A
1 5 7 D
1 1 1 K
9 7 r.
6 6 c
3 7 D
20 E
3 8 C
1 1 2 K
1 4 6 n
ft c
199 F
7 7 0
1 9 0
1 0 2 n
18? r.
70 8
1 9 0 c
1 2 5 D
95 D
16 D
1 6 6 F
1 7 5 E
6 7 U
1 0 9 C
5 8 C
1 5 5 D
1 7 0 B
1 2 8 E
3 0 D
8 9 F.
1 8 7 D
1 5 0 I)
1 1 7 D
47 E
11 D
1 9 1 D
119 D
7 5 E
83 C
5 C
1 1 4 A
2 4 A
10 D
50 n
122 B
192 C
7 D
1 8 2 D
1 56 ft
a D
1 58 D
6 4 n
1 4 3 n
25 c
1 3 8 D
1 1 3 n
N O . NAME OF TOWNS
611. Jampur 
69 • Jaranwala
70.J a to i
71.Ja uhara ba d
72, Jh.' ng
73.Jhaurian
74,Jhelum
75,Kabirwalft
7 6 . K a h n a N a u
77,Kahuta
78,Kalabagh
79,Knlaswala 
H O .Kalra
H 1,Kalurko t 
H2 , Kamalia
83,Karaoke
84,Kanganpur
05.Kasur
Ub.Kehror(Lalisan) 
H7.Kehror(Pnkka) 
dll.Khairpur Tamew
8 9,Khanewa1 
OO.Khnngnh Bogran 
91 .Khani»arli
9 2, Khnnpur
93,Kharakha
94,Kharian
95,Khaur
96,Khewra
97,KhudIan
98,Kh ushab 
95,koL ftjul'
100,Kot Chota 
* 9 1 , ot "i *''an
102,Kot Momin
103,Kot Radhakishan
104,Kot Samabah
105,Kundian
106,Kunjah
107,Lahore
108,Lalamusa
109,Laiian
110,Liaqat Abad
111,Liaqatpur
112,Lieah
113,Lilia Town
114,Lillinni
115,Lodhran
116,Lulliani
117,Lyallpur
118,Ma i1s i
119 .Malakwal 
120.1-lananwala
121,Mandi Bahaodin
122,Mandi Sadiqganj 
1 2B , Mani’la Cantt, 
124, Hanr.owa 1
12 5.Mian Channu
12 6 . M i a n i 
127.Mianwali
120 . M i nc h i na b a d 
129,I»iitha Tiwana
13 0 , M o e h
131.Multan
132,Muridke
133,Murree
134.Musa Khel
13 5,Muzaffargarh
13 7.Naranp
•Code number for towns in 
location map
*
*
*
in
w
Q c
O -3
O O
I 7 4 0
7 8 0
1 6 8 E
5 2 D
6 9 A
4 5 D
1 5 B
1 3 9 D
8 7 D
4 E
6 5 D
1 0 3 E
4 8 E
6 8 E
8 2 li
1 1 5 B
9 8 E
90 A
1 6 4 F.
1 4 9 C
1 8 3 0
1 4 1 0
1 2 6 K
1 6 2 E
1 9 8 C
1 7 E
2 8 C
13 F
2 2 D
9 2 F,
4 9 C
l b 5 c
1 7 1 F
1"7 V
4 1 D
9 3 ft
1 9 4 F
6 1 C
2 6 D
8 5 A
2 9 C
7 2 D
6 2 E
1 9 6 E
1 6 3 C
2 3 ft
4 2 D
1 4 0 E
9 1 D
7 6 A
1 4 7 C
3 3 D
1 3 0 D
3 4 C
1 0 9 E
1 0 F
2 7 E
1 4 2 C
3 9 E
5 7 C
1 8 8 E
51 0
5 9 D
1 3 6 A
1 3 1 D
3 n
6 0 D
1 6 1 C
1 3 4 0
1 3 2 D
1 0 4 C
5 6 E
*
»
V.
U1 ■j'.
c <.
N O . NAME OF TOWNS c t;
140,Nurpur ft B r
141,0k a ra 1 ft-1 A
14 2,PadhRnn 38 F
143.Pakpattan 1 59 C
144.Pasrur 101 D
145.Pattoki 96 0
146.Phalia 3 ? F
147.Phularwan 4 0 L
148,Pind Dadankhan 21 b
149.Pindi Bhattian 1 2B 0
150.Pindi Gheb 1? ft
151,Piplan o B ft
152,Pirmahal 84 i)
153.Qilla Uidarsinqh lit I.
154,Qilla Sobhasingh 10 6 F
155,Quaidabad 54 F
1 58 iRabwah 71 ft
157,Rahim Yarkhan 19 3 ft
15ft.Haiwind ri ft r
159.Raj aj anp 0 4
16 0 . If a j a n p u r 3 7ft ft
161 , l( a mna g n  r 121 E
162,Rawalpindi 3 A
163.Remain Khurd 1 5 4 ft
lod.Uojhan 17o F
1-".Sadiq Abad -
166.Sahiwal 1 51 A
167,Sahiwal(sargoriha) 44 D
168.Sakesar 55 F
169,Samasata 180 E
170.S a mbria 1 110 n
171,Samundari 79 D
172,Sangla Hill 127 D
173,Sanjarpur 20 2 K
174,Sarai Alamgir 31 F
175.Sargodha 35 A
176,Shahar Sultan 169 F
177.Shahko t 129 D
178.Shahpur City 46 n
179,Shahpur Sadar 43 F
lBO.Shakargarh 100 r
10 1 .Sharaqpur 133 D
182,Sheikhupura 124 B
183.Shorkot 73 C
184 . Shuj aabad 137 C
185.Sialkot 100 A
186.Sillanwali 36 n
107,Talagang 14 p
lOO.Tandlianwala 30 D
139,Taunsa 172 D
190,Toba Teksingh ftl C
191,Trinda Sawai 19 ft n
19 2,TulamhR 144 :i
19 3,Uch Sharif 18 5 i:
194,Vehowa 173 u
l9 5,Vehari 14ft r
19 6 ,Wa h Cantt, 2 A
197 .Wah Cement Works 9 F
198.Wan Radharam 99 F
199.Warburton 135 D
200,Wazirabad lift r.
201.Yazman 1 8 1 F
202.2afarwal 1
••Class of town size 
A= 100,000 +
B=50,000-100,000 
0=20,000-50,000 
0= 1 0 , 0 0 0 - 2 0 , 0 0 0  
F, = 5 , 000-10 , 000 
F = B e 1 o w 5,000
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